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Preface 


College Physiology has been written to provide the foundation for stu- 
dents whose main interest lies in the various fields of zoology' and also for 
those whose chief concern is with the functions of the human body alone. 
The zoological approach is everywhere in evidence, but emphasis is placed 
on functions of the vertebrate body, especially that of the human. Thus, 
beginning zoology students acquire sufficient knowledge of all body systems 
to meet the prerequisites for advanced courses; at the same time other stu- 
dents gain better understanding of the human body through a study of re- 
lated functions in lower animals, noting the similarities and the degree of 
organization. Throughout all discussions a minimum of biological knowl- 
edge is assumed, each new term and subject being carefully described at its 
first appearance. Although clinical observations are cited, they appear only 
where they provide valuable illustrations of basic physiological principles. 

The method of presentation used in this text has been der eloped through 
many years of teaching experience. This experience has not been restricted 
to zoology students alone, but has included students in pharmacy and den- 
tistry, physical education, nursing, and teaching, as well as those satisfying 
science requirements. Thus, the text is not so specialized as to fit the needs 
of only a particular group. 

The organization, like the method of presentation, has also met the test 
of .experience. Basic principles of general physiology, including brief dis- 
cussions of physical and chemical phenomena, are presented first. Then 
come parts devoted to skeleton and muscle, ner\e, receptors, circulation, 
respiration, digestion and excretion, and cndocrines and reproduction. 

The early treatment, in Parts '.Two ^nd,Thrqe,"p^.ipi\5^c and nerve func- 
tions aids understanding of basic principles in- 

vohed in these functions apply to otljep^tcr^^ Of particular \aluc is the 
bringing together in a single chapter functions* Of the autonomic 

nervous system, which greatly facilitates understanding of this important 
system. Morco\cr, because tins chapter pro\idcs the reader with an ap- 
preciation of the manner in winch circulation, respiration, and digestion are 
controlled and influenced, its early position m the book is also important. 
Some information is included about the newer knowledge of the secretion 
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of neurohormones at the tips of autonomic neurons and the part the secre 
tions play in chemical mediation of nerve impulses 
Although the circulatory, respiratory, and digestive systems receive sepa 
rate treatments the interrelations of their functions are emphasized in order 
to bring out the coordinated actn ities within the body In Chapter 33 the 

phvsiological action of vitamins is discussed especially in their function as 
prosthetic groups m some of the enzyme systems of the cell In the chap 
tcrs on the endocrine system some discussion, although brief, is given to 
production of hormones in invertebrates 

Hie many illustrations, which are for the most part new, depict only es 
scntial features and omit meaningless details The references at the end of 
each chapter suggest sources of more detailed information than appears in 
this tc\t and include some original articles as a guide to students wishing 
further information on subjects of particular interest However, because 
reference material is largely superfluous for beginning students the lists 
have been kept brief 

We wish to acknowledge the conscientious efforts on the part of Mrs 
Georgia Nimic, who prepared most of the illustrations, of Mrs Elaine Joyce 
Aftonomos for Figures 6, 161, 184, 189, 198, 201, 218, 251, 255, 290, 291, 298, 
and 304 of Mr Marvin Malone, for Figures 9, 46 70,94 163 183, 243, and 
302, and of Mrs Betty Zieg whose patience in tvping and arranging the 
manuscript and in performing the many rather menial but important labors 
that arc part of the job of preparing a text for publication 

We arc indebted to those colleagues who have, from time to time, of 
fered suggestions regarding the manuscript We arc especially indebted to 
Dr Harald G O Ilolck who contributed greatly in reading the manu 
script and who offered many constructive criticisms We also owe our 
thanks and gratitude to our wives, Nonna 11 Pace and Glen B McCash 
land without whose patient efforts and wilbnglv accepted extra rcsponsibili 
tics our work would have been much more difficult 

D M P 

_ , B W McC 
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Introduction 


PmsroLOCY, in the broader sense, is a study of the functions of cells , tissues, 
organs or organisms In this stud), an attempt is made to understand how 
and why living things behave as thej do Man) )ears ago, man concerned 
himself mainl) with studies of gross structure However, as he gained 
familiarity with these things, and as new methods and equipment — such as 
anesthetic agents and the microscope — became available, he was able to 
observe internal structures functioning within the living body and even to 
study the finer details of body architecture There are now means available 
for studying even submicroscopic components of living materials Today’s 
student in physiology is indeed fortunate that such progress lias been made, 
and that he may benefit, in a study of comparatively short duration, from 
the results of centuries of painstaking investigation In the following pages, 
the important features of physiology, as it is of greatest concern to the be 
ginning student, are presented as an introduction to this extremely interest 
mg field 

Complete separation of physiology from other sciences is frequently diffi 
cult and sometimes impossible Since physiology deals with living things 
it is considered a biological science Plant physiology closely parallels am 
mal physiology, but the latter is of main concern to us in our present wort 
Anatomy, a study of structure, must be understood before function may be 
properly appreciated Gross anatomy concerns itself with larger structures, 
while microscopic anatomy, or histology, deals with structure of tissues and 
cells 

While we may be able to observe a living organism in action, it is quite 
essential that we know how, and even attempt to explain why, such actions 
take place Eventually chemistry and physics become important m such 
problems Tor our purpose here, however, only the essentials of these two 
fields will be presented as required for the basic material winch we are to 
consider Nevertheless, the importance of chemistry and physics increases 
as the scope of physiological studv is expanded 

Tlie results of all of these studies — physical, chemical, and physiological — 
have demonstrated that the functions of a Inghh complc.\ organism may 
be an integration of smoothly running sv stems each composed of count 
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less numbers of cells These cells ate the smallest functional units of the 
living bod\, and are capable of displacing all of the basic phenomena of 
life as seen in the larger organism It would seem natural then, if a study 
of the hung bod\ were to hare meaning, that the characters of structure 
and function of the cell should be gnen first attention, and since these cells 
arc influenced b\ the conditions of then external and internal environ 
ment, consideration must be gnen to the physical and chemical factors 
which will be of importance for a phj siological stud\ It is with this in 
nund that this booh Ins been written, attempting alwavs to recognize the 
integration of these basic units into a proper relationship with one another 
so that the normal function of the entire organism may be effectively ac 
complishcd 
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Basic Phenomena of Living Organisms 


THE CELL 

The term cell was first used by Robert Hooke, who published a mono 
graph in 1665 concerning his observations of many objects seen under his 
microscope This was some 60 to 80 years after the invention of the mi 
croscope He had obsen ed boxlikc structures in a thin slice of cork Cork 
is dead material and actually what Hooke saw were the cellulose walls 
The> reminded him of cells m a monastery 

Biology teaches that the cell is the unit of structure of all living things 
This is the so called cell theory, which, according to most textbooks, was 
first proposed xn 1838 and 1839 by Sclileiden, a botanist, and Schwann, a 
zoologist Although credited with originating this theory, in reality these 
men were only instrumental m popularizing a general trend of thinking 
initiated years before their time by numerous authors and investigators 

Structure of Cells 

All living cells resemble one another m a genera] way Many components 
and many physiological processes are common to all A cell is a mass of pro 
toplasm containing a nucleus Protoplasm consists of C) toplasm ( the living 
substance surrounding the nucleus), nucleoplasm (the nucleus itself), and 
the cell membrane which surrounds the whole mass Tins membrane is said 
to be selectively permeable because it appears to have control over those 
molecules or substances that may enter or leave the cell The cytoplasm and 
nucleus are made up of many constituents some of which are represented 
diagrammatically in Tigure r Plant cells often has c yacuolcs within them 
These are spheroid or ellipsoid areas, definite m outline surrounded by a 
membrane and containing a fluid consisting chiefly of inorganic salts but 
with a little organic material dissohed in it In plants the \olume of the 
vacuole maj exceed that of the ci toplasm Aside from that of certain proto 
zoans cj toplasm of animal cells does not usuallr has e pronounced roci/olcs 
Plant cells often contain plasUds of one tape or another, which produce cer 
tain substances such as starch within cells Chloroplasts which contain 
chlorophyll, are shown in the figure of the plant cell Colorless plastids, 
called leucoplasts, mar also be present Chloroplasts are the most impor 
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tant of the plastids Chlorophyll, when properly associated with other or 
game catahsts within the chloroplasts, is the substance which has the power 
to transform the radiant energy of sunlight into the chemical energy of the 
starch grain, the starch is produced from carbon dioxide and water w ithin the 
chloroplast Leucoplasts also form starch but must have access to pre 
formed simple organic compounds in order to do so, they cannot transform 
carbon dioxide and water 



FIGURE 1 

Comparison of an animal cell (left) with a plant cell (right). 

There is also found within cytoplasm, at one pole of the nucleus, a 
ccntrosomc which functions during cell division It consists of a central 
granule, called the centnolc, and the surrounding alvcolirhVc inatcrn! 
called the ccntros/lhcre During nuclear division the ccntrosomc divides 
and inav aid in the movement of the chromosomes It should lie noted 
tint a ccntrosomc. docs not exist in all cells, but mainly in most amiml and 
lower phnt cells 

Mitochondria, which play a part in metabolic processes, and Golgi bodies 
arc also present in most living cells, the former as rods or granules and 
the litter as mam small globules There is some cv idcncc tint the Golgi 
bodies function m the secretory and respirators processes within the cell 
Also found in cells arc numerous tspes of food matcniK and other suh 
stances, which arc stored m the form of crystals and granules 
Certain organic substances, which arc similar m their function to inorganic 
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catalysts in that they initiate or accelerate chemical processes, are also 
present. These enzymes arc discussed on page 24 
All these substances are present in the material that we refer to as proto 
plasm of which hung cells arc composed Protoplasm is not, therefore, as 
homogeneous as it appears to be at first glance 

Physical Properties o! Protoplasm 

Comparatively little is known about protoplasm It is known that proto- 
plasm is nev cr the same from one moment to the ne\t because chemical and 
physical processes are continualh going on for the maintenance of life it 
self In other words, the processes never come to an equilibrium as long 
as the organism is in a hv ing condition 
The ground substance of protoplasm is composed chiefly of protein 
However, many proteins, amino acids, carbohydrates, fats, inorganic salts, 
possibly hormones, vitamins, and water are closely associated in the func 
tioning of living protoplasm Protoplasm is not a mixture of these sub- 
stances, they arc all integrated within the protoplasmic mass to make up 
an organized whole, which is referred to as the living cell 

Protoplasm is sometimes fairly transparent and vanes considerably m 
its consistency in different cells or even in the same cell from time to time 
Its viscosity (page 12) usually approximates that of glvcenn and is seldom 
less than that of machine oil 

THE FUNDAMENTAL PHYSIOLOGICAL PROPERTIES OF LIVING MATTER 
Although certain substances-the viruses, for example-remain unclassi 
fled, the following definite physiological properties of protoplasm may be 
used to distinguish living from nonliving matter 

1 Contractility is possibly a property of all protoplasm (streaming, 
amoeboid, ciliary, and muscular movements are all manifestations of con 
tractile phenomena) 

a Irritability, the abilit) to respond to a stimulus reallj im oh cs a change 
in rate or hind of processes occurring on the surface of or within a cell 

3 Conductivity is the progressive transmission of the changed condition 
o\er the cell, specialized within the nene as the impulse 

4 Metabolism is the sum of all the chemical processes going on withm 
a cell, tissue, or organ, sometimes metabolism is applied to specialized types 
of reactions, such as cellular, muscle, or In er metabolism 

5 Grow til, which is usuall 5 associated with metabolism ma> be evi 
deuced b\ an increase m the total mass of protoplasm w .thru the cell, trssue, _ 
or organism In In mg matter grow th occurs b> intussusception, or budding 
up of new material bj combinations of smaller molecules, such as the torn, a 



tion of proteins from ammo acids Sometimes growth is described as an 
increase m numbers, but this is true growth only when accompanied b\ 
an increase m mass Thus growth should be carchiVy differentiated /ram 
reproduction In nonh\ mg matter, on the other hand, crystals of inorganic 
salts arc said to grow by accretion, which is the piling up of numbers of the 
same hind of molecules without change in molecularstructure For example, 
sodium chloride crystals form as the water c\aporatcs from a sodium chloride 
solution, the crystals get larger and larger, but they continue to consist of 
sodium chloride molecules No new substance lias been formed 

6 Adaptation is the ability to modify bchawor in accordance with a 
change m environment 

7 Reproduction is the ability of cells and organisms to reproduce in hind 

8 Spontaneity is autonomous (automatic) activity on the part of a living 
st stem Although classifying spontaneity as 3 property is questionable, 
many scientists claim that the ability of piotoplasm to cany out automatic 
changes is a chinctcristic of In ing matter 

All or most of these properties may be found in living s\ stems A few 
of them may be found in nonliving substances — crystals “grow,' and dee 
tncal devices arc ‘irritable” — but many of them never appear m any one 
nonliving svstem 

Thcrcare many criteria bv means of winch we attempt to judge whether 
matter is living or nonliving However, in some eases it is difficult to sov 
whether life does or docs not exist For example, the viruses, which arc 
subnucroscopic agents responsible for many different infectious diseases 
m plants and animals (tobacco mosaic, common cold, etc ), hive not vet 
been classified as living or nonliving Thev mav be constituted of protein 
which displays some characteristics nonnallv observed in living material 

COMPARISON OP GENERAL AND SPECIALIZED CELLS 

The characteristics and properties of living matter described above arc 
found m all cells both general and specialized Hie amoeba, a complete 
organism m itself, has no specific function and is an cximplc of a general 
eel! It Ins all of the fund urn ntal phvsiologicd properties of living matter 

it contracts, conducts impulses over its surf ice. tiles in food materia!, oxi 
dizes glucose, grows, and reproduces A spec) lived cell, such as a muscle 
cell functions in the same manner, with the exception that it ha* one 
specific function — contraction — tli it it perform* tetter than am other A 
similar comparison mav be made between an amoeba and a glmd cell, or 
between an amoeba and a mammalian t eg cell 
* All protoplasm is not. however, spccjficdlv similar, as is Inown front ob- 



9 


BASIC PHENOMENA OF LIVING ORGANISMS 
scr\3tion For cvimplt, muscle cells differ from nerve cells, gland cells, 
connective tissue cells, and amoebic because thev .arc made up of different 
tvpcs of protophsm In fact as \v is prcviousl) stated, because of the con 
slant activitv and the conlimions chcmicil changes that tahe place in it, 
even a particular mass of protoplasm is different from one moment to the 
next 

PHYSICO CHEMICAL PHENOMENA ASSOCIATED WITH LIVING SUBSTANCE 

From the definition of phssiologv, it is obvious tint at least an elemental) 
knowledge of some, of the plivsic-il md chemical phenomena that me asso 
ciatcd with the activities of protoplasm is essential to an understanding of 
fundamentals of tins branch of Innings Such phenomena arc important 
to all hung substance and consist of surface cncrg) or sur acc tension ac 
sorption, the colloidal stale, uscosit). diffusion, and osmosis 


Surface Energy 

The cncrg) produced at cell surfaces due to molecular action is known 
as surface cncrgr, or surface tension All hvang cells hare surface^ and 
much of a cells helm .0. depends upon the condition of ds urface and 
the relation of that surface to the surrounding tissue fluid (o otlic me hum 
m the ease of lower organisms) The interaction be vs cen the cell surface 
and that of the tissue fluids or other water) media which it contacts crea tes 
surface tension That is surface cncrg) 01 surface tension is not a p op rh 
Of one surface but of two surfaces and as long as these : surface leant , or as 
long as the two hqmrls do not mix, the surfaces exhibit 
cncrg) ,S exhibited not onl) by liquid liquid surfaces but also by liquid gas 
hqnrfsohd gas gas, and so forth need , e floats „„ the sur f a ce of 

The fact that an ordin ) knowledge As long as the needle is 

water in a drinking glass is common knowledge 6 

clean it will float ercri though the specific gravi y surface This 

than that of water It appears as though a film exists at the surface 

u actually true and can be explained as follows moIec „, es These 

A beaker of water contains “unite # repeIIent fo r CC because 

molecules hare two forces « tin S “P° ../traction force, by means of 

the molecules are in motion, and ( ) m a body Referring to 

which all the molecules tend to ran » , body of the l iqm d 

Figure a, one can see, then, how all he ‘surface! howeveqare 

attract one another with equal force , fcw water m0 lecules 

attracted unequally That is there a ^ Consequently, the mole 
above the surface to attract those at t 
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cules beneath the surface tend to pull those at the surface downward winch 
produces a more rigid lajer or film 

These molecular forces act equallj within a fluid mass and cause it to 
take on a spherical shape which presents a minimal surface That is a 


FIGURE 2 

Illualrat ng the ua) in \\h ch molecules 
i ilhm a body of water attract those at 
the surface producing a surface film 
A molecules at surface B molecules 
bc!o\ surface exerting pull on surface 
molecules 

sphere lias less surface than am other shape of equal volume Because of 
surface tension all fluids tend toward a minimal surface Other forces ma\ 
often present fluid matter from becoming trulj spherical but the tendency 
is there just the same Water dripping from a faucet takes on a raindrop 
shape because of the action of gravity cells m our bodies tend to take on a 
spherical form but other forces cause mam of them to be cubical hexagonal 
elongated or some other shape 

Surface tension is associated with man) vital phenomena The different 
types of movements arc at least parth influenced b\ surface tension changes 
as arc cell division permeability and excretion 
Also associated with contact of surfaces is an electric potential or charge 
hetnrej) the two surfaces It is not clear win a charge occurs but the cause 
is probabl) dissociation of molecules at the surface The relation of tins 
electrical phenomenon to nerve stimulation and conduction is described 
more fullv in Chapter 8 

A diwpt on 

A surface phenomenon in which one substance mav adhere to the stir 
face of another is known as adsorption Chemical reactions take place at 
these suffices We know this to he true cspcculh for crmuutic reactions 
that £0 on within cells or living organisms Tn/nnes picscnt surfacci to 
those molecules which then attract and catalra in their reactions 
Adsorption mav be defined as the tcmlenc) of molecules or sons tv con 
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ccntrate at a surface Adsorption is distinguished from absorption by the 
fact that the former concerns the collecting of matenals on a surface, by 
adhesion, whereas the latter is concerned with capillary forces or cohesion 
For example, protein molecules maj become adsorbed or concentrated at the 
surface of proteolytic enzymes, but water is absorbed into and fills the capil 
lanes of a sponge or blotter 


The Colloidal State 

Much of the material of living matter as well as man; other substances 
ot ph;siological interest is m what is called the colloidal state The term 
colloid (meaning gluehke) was introduced in 1861 bv Thomas Graham, 
an Englishman, who wished to distinguish between gluehhe substances 
which do not crystallize, such as egg albumin, and those substances that 
do, such as salt Actual!), the term is erroneous since many of the sub 
stances formerly thought to be noncr;stalhzab]e can now be crystallized, 
and vice versa 

Because matter in the colloidal state is difficult to visualize the follow 
ing illustration maj be helpful If a cube of solid matter, such as gold, 


TABLE 1 

Micrometric Equivalents 


1 mih = {approximatelj) cm (centimeters) 
t cnl 10 mm (millimeters) 

j mm _ 1000 M (microns) 

__ 1000 mt* (millimicrons) 

im/l _ 100 W (micro microns) 


of 1 mm edge, is placed in water and divided into one billion cubes of 1 
micron edge (see Table 1 for micro measurements), these cubes will imme 
diately sink to the bottom of the container If looked at under high power 
of the microscope, the individual cubes can be seen Now, rf one of these 
cubes of , micron edge is further divided into one million smaller cubes of 
o or micron (or 10 millimicrons) edge, the resulting particles no longer sink 
and cannot be seen under the microscope (the limit of microscopic vision 
is approsimatclv o 2 microns, that is, the diameter of the smallest ob |C et 
one can see with the aid of the highest powered compound microscope is 
about =00 millimicrons) These gold particles, which remain suspended 
are said to be in a colloidal state Small though thqr are, however these 
particles are far larger than molecules Thus a colloidal solution differs 
from a true solution in which there rs complete separation of the molecules 
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a colloidal solution is a suspension of molecular aggregates Colloidal pat 
tides maj, however, vary in diameter from 1 to 100 millimicrons 
Although these colloidal particles cannot be seen ruth the highest micro- 
scopic magnification, their reflection can be seen by means of the ultra 
microscope The principle is the same as that which enables one to see 
rays of light in a darkened or shaded room Tire rays of light are not actual]) 
seen but rather, the reflection from the dust particles Iving in their path 
and if the room were absolutely free of dust one would see onl; the reflec 
tion from a spot on the floor where the light rays strike Jn the ultramicro 
scope, the rays of light enter the field at an angle such that the> are reflected 
by the colloidal particles 

Protoplasm is m the colloidal state, as are also practically all the fluids 
of the body such as blood, tissue fluid, milk, digestive secretions, humors 
of the eye, cerebrospinal fluid, and others 


Viscosity 

Protoplasm being a colloid may vary m its consistency or viscosity just 
as other colloids mav The same solution maj be quite fluid at one moment 
and jelly like the next, and the change may be either reversible or irreversible 
Solutions exhibiting the more fluid condition are referred to as sols , those 
exhibiting the jelly like condition, gels Although it is difficult to draw a 
sharp line between a sol and a gel at the point where a changeover is made, 
there are many grades of fluidity between the extreme sol and extreme gel 
states In the transition from sol to gel the solution becomes Jess fluid, that 
is, its viscosity increases Viscosity may be defined as the resistance of mat 
ter m the liquid or semihquid state to a change in shape It is probably the 
result of internal friction of molecules Most persons arc acquainted with 
changes in, and the effect of cm ironment al factors upon, \ iscositv T or c\ 
ample, molasses flows reatYfl) m July trot Wt wot vn Jomwy coUI 

Streaming and amoeboid movement, permeability, growth, mitosis, re 
production, and other processes areall affected by thcviscosity of protoplasm 


Diffusion ond Osmosis 

Diffusion is the continuous movement of moteculcs m a gaseous, liquid 
or solid state from an area of greater to one of lesser concentration, until Urn 
are equally distributed throughout the entire accessible region rveryone 
observed the manner in winch gases d.ffusc, such as the moumc.it 
(diffusion) of smoke through the an until it becomes so smile, cd that .1 
Iin recognizable (the smoke rtsclf is made up cluefls of carbon 

partwies which am so fine that the, drtlusc m the same manner as gaseous 
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molecules). Molecules are in a continuous state of motion; they move 
about and collide with one another and bounce in different directions. As 
a consequence, in time, there would be an equal distribution of these mole- 
cules throughout the accessible space, due to chance alone. 

True diffusion is not so well known in liquids as in gases because in every- 
day life we hasten the process by stirring. For instance, it would take too 
long for sugar which has been added to a cup of coffee to diffuse throughout 
the liquid; therefore, we use a spoon for stirring. If a crystal of a colored, 
soluble substance, such as copper sulfate, is carefully placed in one corner 
of a container of water, the diffusion process can be followed readily by 
change in color of the water. Under these circumstances, it takes a long 
time for complete diffusion to take place. The copper sulfate molecules 
must first dissolve and then migrate and since molecular movement is not 
so rapid in the liquid state as in the gaseous, this migration takes considera- 
ble time. Finally, however, the copper sulfate molecules become equally 
distributed and diffusion is complete. Although the molecules have come 
to an equilibrium insofar as numbers per unit volume are concerned, their 
continued motion creates a force or pressure ( diffusion pressure). In solu- 
tions separated by membranes, this diffusion pressure may result in a phe- 
nomenon known as osmosis and the pressure itself is called osmotic pres - 
sure. 

If water is separated from a sugar-water solution by a membrane permeable 
only to water molecules and not sugar (that is, semipenncable), osmosis 
makes its appearance and the arrangement of solutions and membrane con- 


stitutes an osmotic system. 

Figure 3 illustrates an osmotic sy stem consisting of water and sugar-water 
solutions separated by a senripermcablc membrane. Botb the sugar and 
water molecules arc in constant motion and since the pores of the mem 
branc are only large enough to permit passage of water molecules, there is, 
within a few hours, a noticeable change of \olnmc of solution on cither side 
of the membrane. Tins may be explained as follows: Both sugar and writer 
molecules are striking the membrane on the left side of the container vv berms 
only water molecules arc doing so on the right side. Therefore, the num- 
ber of water molecules that would pass through the pores (by chance) from 
the right to the left side would be greater than the number that would now- 
in the opposite direction. As a result, the solution on the left increases ... 
rolvime and the sugar solution becomes less concentrated 

Eventually, tire weight of the greater volume of fluid on the left side 
of the membrane wall be sr.flic.ent to put an end to the unequal exchange, 
so there ,s no further ...erase tn its volume. The pressure developer! on 
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the left side, owing to the weight of the column of solution, is the os 
motic pressure of that portion of the system, that is, it is the pressure re 
quired to pre\ ent entrance of water molecules from the right The osmotic 
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FIGURE 3 

Osmosis A a sugar so 
lution is placed on one 
side of a semipermeable 
membrane and pure water 
on the other B because 
of unequal diffusion (sug 
ar molecules cannot pass 
through the membrane) 
there is an increase m vol 
ume on the more concen 
trated side Circles sug 
nr molecules dots water 
molecules- xy semiperme 
able membrane 


pressure of solutions actually \anes imerseh with the rate of diffusion of 
their water molecules through a semipermeable membrane into a solution 
of different concentration 


Diffus on and Osmosis in Relation to Living Protoplasm 
The two processes diffusion and osmosis, are commonly found in living 
systems In fact, the phenomenon of osmosis was first discos ered as the 
result of experiments with plant cells Plant cells are observed to shrink 
when placed in strong sugar solutions Because the cell membrane is im 
permeable to sucrose, more water molecules flow out of the cell than flow 
in, exactly as described abo\ c, and the loss of water causes the cell to shrink 
iVuiTf Ate trgnf emV «snY ef AVer pisetf—s pht/nsmsmse iiwsw it as jSAamj, ijraur 
I he same reaction also occurs in animal cells but is less noticeable because 
there is no cell wall way from which the cell can shrink By measuring 
cell \olumc, however, one can readily note that the animal cell decreases 
m volume when placed in a strong sugar solution 
Osmosis can take place in either direction through a cell membrane The 
wafer molecules always move more rapidly (actually in greater numbers? 
from the point of their greater concentration (that is, weaker sugar solu 
bon) to that of a lesser concentration (a stronger sugar solution ) If water 
molecules, or other small molecules, enter the cell more rapidly than thev 
p3S$ out of the cell, the process is called endosmons, the reverse is exosmosis 
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If one wishes to examine cells with a microscope, it is desirable, of course, 
to preserve their natural size and shape In order to do this, the cells are 
placed m a solution which has an osmotic or diffusion pressure equal to 
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FIGURE 4 

A a single cell of the plant Elodea under normal conditions B same 
cell showing plasmoljsis when exposed to high glucose concentration 
(From Pauli The World of Life b> permiss on of Houghton Miffi n 
Co) 

that of the protoplasm Water then passes equally in both directions into 
or out of the cell, and the cell volume does not change Such a solution 
is called isotonic (.sosmot.c) If the cells were in a hypotonic solution, 
endosmosis would occur and the cell would swell On the other hand a 
ft> per tome solution would have a greater osmotic pressure than the cell 
interior so that exosmosis would occur with resultant shrinkage of the cell 


Dialysis 

The process of dial) sis, like osmosis, depends upon the semiperm eabihty 
of a membrane, and a simple example wall serve best to explain ,t If a 
solution containing protein and salt ,s placed vnth.n a collodion sac and 
the sac placed m water, tl.e salt diffuses out of the sac into the surrounding 
water for the pores of the membrane arc sufficient!) large to allow free 
passage of the small salt molecules and ions Hie protein molecules on 
the other hand, hang too large to pass through the pores reman, within 
the sac Eventual!, therefore the sac contains a pure protein solution 
This process of separating dissolved particles from a colloidal suspension ,s 
hnovvn as diesis It is vox frcque.itlv used to prepare pure proteins and 
may function to some extent in the formation of bod, fluids from the blood 

THEORIES of cell permeability 

Upto «„s point, 
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through them. Actually, however, membranes of living cells are much 
more complex than artificial membranes, and although pore size does play 
an important part in permeability of living membranes, many other factors 
must be taken into consideration. 

Among the numerous theories that have been advanced in regard to cell 
permeability, the sieve, lipoid-solubility, adsorption, and molecular theories 
are the more acceptable. 

1. The sieve theory suggests that membranes act as sieves. Although 
this theory seems to hold to some extent for substances of small molecular 
size, as in the preceding examples, many substances made up of large mole- 
cules also seem to penetrate cells with ease. Therefore, the sieve theory 
does not explain completely the passage of substances into or out of cells. 

2. The Upoid'$olubility theory was suggested by Overton in 1891 after 
he had found that of all the substances he tested, those that were fat-soluble 
passed through the cell membrane most readily. It is known that the cell 
membrane is made up chiefly of lipoids (fatlike substances) and it is clear 
that any substance soluble in the lipoid may pass into the cell. However, 
the existence of some large molecules that are not lipoid-soluble but still 
pass through cell membranes limits this theory as an explanation of cell 
permeability. 

3. The adsorption theory was postulated to explain the passage of large 
non-lipoid-soluble molecules through cell membranes. These molecules 
may become adsorbed to the lipoid material of the membrane. They sup- 
posedly pass into the cell eventually by means of the constant movement 
of the colloidal particles which make up the membrane. 

4. The molecular theory has been advanced because many investigators 
have found that cell membranes arc much more permeable to undissociatcd 
molecules than to ions. For example, hydrogen sulfide (II 2 S) molecules 
pass through cell membranes much more readily than sulflwdryl ions (-SU), 
and acetic acid creates a stronger sour taste sensation than docs hydrochloric 
acid, although the latter breaks down to form ions more readily. The as- 
sumption is that the acetic acid molecule passes more readily into the cell. 

There are many exceptions to all the theories mentioned. It has been 
suggested that perhaps all of them could be included in a single theory, 
especially if we assume a membrane structure similar to that suggested m 
Figure 5. The membrane would consist of relatively large lipoid micellae 
f spheroidal submicroscopic fat particles) packed rather closely but uith 
■■bound” water and -free” water spaces (pores) between tl.cn>, arranged «> 


a mosaic-likc pattern. 

Actually all the theories presented here 


might be incorporated in order 
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to explain cell permeability. Tlius the sie\ c theory maj account for the 
passage of molecules of smill size through the “free’ water pores, lipoid 
soluble substances can pass through b} dissohing in the micellae of the 
membrane, and large molecules which are not fat soluble can become ad- 



An exaggerated diagram o[ hypothetical cell membrane A 
as viewed from the surface B in cross section 


sorbed to the surface of the mediae, which, by their movement, will sooner 
or later cany the adsorbed molecules to the rns.de, small und.ssoe.ated mole 
cules because they are not '■repelled” by the charges at the free water bound 
water surface of the “pores” util pass through readily 


IMPORTANCE OF WATER TO PROTOPLASM 
The physiological importance of water can be )udged by its abundance 
m living protoplasm The human team cons.sts of 8= to 85 per cent water, 
muscle, 75 to 78 per cent, thyrerd gland, 77 >° 8= per cent, and some jellyfish 
are about 99 per cent water The necessity of water to protoplasm becomes 
evident when one attempts to release much of the water an orgamsm can 
lose only a comparatrvely small amount without being hilled 

Water « rmportant primarily because of the following properties r 
solvent power-water is one of the best solvents known , to ® , 
internal friction — that is, water has a low vrseositv, winch is a factor in 
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consistency of many of the body fluids even though they may contain large 
quantities of dissolved colloidal matenals, (3) high surface tension — this 
tension, which is greater than that of any other liquid except mercury, may 
play a part in protoplasmic movement and aids cells in maintaining their 
structure and form (by surface tension a film of molecules is concentrated 
at the cell surface to aid in formation of the cell membrane), (4) high heat 
capacity — as it requires more heat for a 1 degree C increase m the tempera 
ture of water than of any other substance except liquid ammonia, water, 
by its heat capacity, mav act as a buffer between sudden and extreme changes 
of external temperature and thereby serve as a protective agent, (5) high 
conductivity for heat — although this capacity is much lower than that of 
metals, water can conduct heat more efficiently than anv other liquid and 
than most solids, (6) ionization — water, a medium m which ionization 
takes place readily, is of great importance in many reactions, especially 
hydrolytic reactions 

ENVIRONMENTAL FACTORS AFFECTING LIVING SYSTEMS 
Electrolytes end Nonelectrolytes 

Both electrolytes and nonelcctrolytes arc extremely important in the en 
MTOnment of hvmg systems The typical electrolytes are the inorganic 
acids, bases, and salts They are called electrolytes because their water 

FIGURE 6 

Electrolysis As an electric current 
passes through a solution of sodium 
chloride (NaCl) thepositncl) charged 
ions (Na+) or cations move to the 
cathode and the negatively charged 10ns 
(Cl — ) or anions to the 3nodc (Re 
drawn from The JUiman Body cud Its 
/ unctions Revised I dition by C If 
Rest and N B Taylor By permission 
of Hcnrv Holt and Company Inc 
Copyright 1948 ) 

solutions will conduct an electric current, although pure water itself docs 
not When placed in solution, clcctrolvtcs dissociate into their respective 
10ns, for example, sodium chloride (NaCl) dissociates into sodium 10ns 
(Na+) and chloride ions (Cl“) These 10ns bear electric charges The 
positivclv charged cations will move toward the cathode (negative pole) 
when a current is passed through the solution containing them, and the 
ncgativclv charged unions will move toward the anode (positive pole) 
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Familiar cations are Ca++, Mg + + , Na + , and K+, and some common anions 
are Cl", SO,—, and PO, 

The organic acids and bases show onlj a weak tendency to dissociate into 
ions, and most organic compounds are therefore considered nonelectrolytes 
Their dissociation is either very feeble or not detectable, and they will not 
conduct an electric current through the solution 


Hydrogen and Hydroxyl Ions 

Two of the most important ions to consider m nature are the hydrogen 
(H+) and hjdroxjl (Oil”) ions A solution containing an excess of 
Indrogen ions over hjdrowl ions would give an acid reaction, on the other 
hand, an excess of hjdroxjl ions would result in an alkaline or basic (these 
terms are used interchangeably) reaction Hvdrogen or hydroxyl ions are 
produced as follows 

HC1^=±H + + c r 


NH 4 OH^=^NH + + OH“ 

The hydrogen (or hjdrowl) ion concentration, — that is, the acidity (or 
alkalinity of a solution — is expressed in so called pH (or pOH, POH) units 
(the symbol pH was derived from hjdrogcn potential ), pH units range 
from oo to 140 

Acid Range Alkaline Range 

OO lo 20 30 40 50 60 70 80 90 IOO HO 120 130 140 


Urine | Blood 

Pure Water 
(Neutral) 

Pure water, which is neither acidic nor basic, has a pH of 7 o, or a neutral 
reaction The lower the pH unit, the greater the acidity or H+ concentra 
tion— for example, pH 6 o indicates an acid reaction but not nearly as great 
as pH 4 o The greater the pH unit above pH 7 o, the greater the alkalinity 


Importance of Hydrogen <H+) ond Hydroxyl (0H“) Ions in Lir.ng Systems 

Hjdrogen and hydroxyl 10ns have xery definite effects on protoplasm 
Sometimes the effects are produced when only slight changes are made in 
the H+ or OH” concentrations 

Sea water has an alkaline reaction (approximate!) pH 80 to 84) that 
remains surprisingly constant and is therefore an exce ent me turn or 
smaller organisms that are d.rectl) influenced bj the chemicals and rom 
of then surroundings Too great a change m pH uould result in death 
of these organisms The blood of i ertebrates is also allahnc and of constant 
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pH In most vertebrates any appreciable change in the hy drogen ion con 
centration of the blood has dire effects on the animal This is especially 
true in birds and mammals a change in pH affects respiration as well as 
other functions In other words, the organ systems of complex animals 
are so interdependent that slight changes in one (such as pH changes in 
the blood) may result in malfunctioning of others, even to the extent of 
bringing about the death of the organism 

Individual cells however, such as those in tissue culture (tissue cells 
cultivated outside the body) or protozoan populations, are not very sensi 
tive to slight pH changes Some cells in tissue culture can grow in media 
with pH values between 5 5 (acid) and 8 5 (alkaline), and some micro 
organisms will continue to live in solutions covering an extremely great 
range of pH values, Euglend, for example will live at pH values from 2 3 
to n o 

In many cases where cells are not sensitive to changes m pH, the rate of 
penetration of hydrogen or hydroxyl ions may be so slow that the proto 
plasm has time to neutralize then effect Some cells are more permeable 
to 10ns than others smooth muscle, for example has been found to be very 
sensitive to changes m pH It is suggested that the great effect of pH 
changes on blood vessels may be owing, chiefly, to the action of the smooth 
muscles in their walls 


Buffer Solutions and Body Fluids 

riuids such as sea water, blood, and tissue fluid, can maintain a fairly 
constant acidity or alkalinity even when acted upon by acids or alkalies 
This property js the result of the presence of certain tv pcs of salts and or 
game compounds that arc called buffers Tor example, various phosphates 
such as the tri , di , and monopotassium phosphates (KjPO, K IIPO, and 
KH P 0 4 ) the carbonates and bicarbonate? (suc/i as Na C 0 3 and NaffCO,) 
and protein compounds arc excellent buffers Nature seems to ha\ e supplied 
them in quantity in natural fluids which require stabilization, such as the 
blood and sea water Such salts can he used in the laboratory to prepare 
buffer solutions for culture work For example, the addition of K IIPO t 
(which has arf alkaline reaction) and KII PO, (winch has an acid reaction) 
to a solution in equal quantities produces a pH value of 7x3 Then if a 
small quantitv of acid or alkali is added the pH of the solution docs not 
change apprcciablv because the alkaline phosphate salt tends to take up 
the hydrogen 10ns and the acid salt absorbs Indroxvl 1011s In the protein 
molecule buffer action is accomplished b\ the ammo and carboxvl groups 
The amino group ( — NIL), reacts with acids and prevents them from iomz 
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mg, the other, the carboxvl group (— COOH), similarly neutralizes alkalies 
Hemoglobin and the plasma proteins aid m the maintenance of neutrality 
of the blood because of the buffer action of the amino acids in their mole 
cules 


Z /V Eihmolec 
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Relation of Temperature to Liring Substance 

Protoplasm generally can live and carry on life functions only within a 
very narrow range of temperature (Figure 7), although some types of pro 
toplasm can withstand much greater changes than others Cysts of cer 
tain unicellular plants and protozoan species and 
spores of bacteria are especially resistant to high 
temperatures as well as low In the formation of 
cysts and spores much water is lost by the proto- 
plasm, and the degree of resistance evidently de 
pends upon the amount of waiter lost, the lower 
the water content, the greater the resistance 
Some species of algae (a unicellular plant species) 
are said to live in water at 70 to 80 degrees C 
Amoeboid types ha\ e been found in hot springs at 
50 to 54 degrees C There are also a few species 
of plant and animal cells that show considerable 
resistance to cold temperatures Pollen grains 
have been found to withstand temperatures around 
—270 degrees C for several hours, and the alga 
chloreUa will continue to live after an hours ex 
posure at —182 degrees C 
Despite these exceptional cases, however, it is 
generally true that organisms cannot withstand 
temperatures far different from those at which 
they normally carry out their life processes If the 
temperature surrounding protoplasm becomes too 
high, its living processes soon cease owing to heat 
death Although heat death, for the most part, 
appears to be the direct result of coagulation of the 

living protoplasm of the ^“f^CeXd.«ouldcausecoagulat,on 

taes sun .ve temperatures higher than ^ ]<w temperalurcs 

Moreover, some animals and plants wmen <Wces 

may die a’s the result of a sudden - m Km g" " 

C . and eren less There are undoubted co3g , 

reaction of protoplasm to temperature cha g 
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FIGURE 7 

Temperature range at 
winch life exists compared 
to other known tempera 
turcs 
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Cold death results from the formation of ice crystals within a cell If 
a cell is supercooled, it does not usually die unless ice cry stals suddenly form 
within its protoplasm 

Although some more complex organisms will survive body (or cell) tern 
peratures below freezing, man) of them die if their bodies are subjected to 
temperatures lower than normal even though still far above freezing Birds 
and mammals are especially sensitive to lowering for raising) of body tern 
peratures The rabbit, for example, dies if its bod) temperature is lowered 
to approximately 20 degrees C Here, again it is seen that the complex 
organism is unable to withstand a change that its individual parts can en 
dure Tissue cells will live and grow over much greater ranges of tempera 
ture than the bod) as a whole 

Rtiolion of Liglif to Living Substance 

Colorless animals and plants are not directl) dependent upon sunlight 
for their existence The) are, however, indirectly dependent upon it since 
with few exceptions, all organisms without chlorophv 11 must obtain their 
food material from organic matter that has been formed bv the action of 
sunlight on plants The carnivorous animals have a similar indirect dc 
pendence for the) obtain their 4 plant svnthesizcd food at second (or even 
third or fourth) hand the) feed upon other animals which, m turn mar 
be herbivorous Some workers think that colorless organisms were the first 
to make their appearance on earth and that chlorophv 11 appeared onlv after 
tlie sun’s ra)s began to break through the dense atmosphere surrounding 
the earth Even todav there are several species of bacteria that possess 
the ability to form protoplasm from carbon dioxide water, and inorganic 
nitrogen compounds in the total absence of light Nitrosomonas, for ex 
ample can do this The energy needed for manufacturing the protoplasm 
of this species is obtained b) the oxidation of ammonium compounds to 
nitrites Tins reaction, just as anv oxidation, releases considerable cncrgv 

2 NH 4 OH + 3 Oj *■ 2 IINO, + 4 II jO + energy 

It is possible that among some protozoan species, the energy produced bv 
oxidation of ammonia may supply part of that needed for the production 
of carbohydrates from carbon dioxide and water 
Tins process for producing organic substances is icfcncd to as chcmosvt 
thesis, in contrast to photosynthesis, which depends upon the presence of 
chlorophyll and the action of light upon it in the presence of carbon dioxide 
and water Photosv nthests is far more common than chcmosv nthesis m «a 
ture 
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Many animals have colored substances (pigments) in their epidermal 
layers. Light usually results in the contraction of the cells containing pig- 
ments, but if the light is colored, the cells containing the corresponding 
color expand. Many reptiles, amphibians, fishes, and crustaceans have such 
pigment-containing cells, which are called chromatophorcs. More often 
than not, the pigment is black (melanin) and the chromatophore contain- 
ing it is called a melanophore. Apparently, chromatophores function in 
aiding the animal to mimic its background by a process called protective 
coloration. As indicated in Figure 8, if the frog, or other animal with 



FIGURE 8 

Sketch of cluoimtophores (melanophorcs) in the skin of a 
frog In A they arc contracted, hence the skm is only flight y 
shaded In B the same cells haxc expanded, giving the skm 
a much darker appearance 

melanophore,, > placed aga.nst a hght background, the melanophore, con 
tract, if the animal > placed aga.nst a dark background, they expand and 
the pigment flows out rnto the pseudopod I, he see drscuss.on of amoebord 
movement, page 46) structure, gn ing the annual a much darker 

Any other behavior that annuals may show on exposure O 'gh d end 
upon the nature of the hght. If the hght .s too mtense, ‘ he an ™ al ” a 
attempt to avo.d rt, rf » of low mtensdy the an, mat m y seek t Th s 

type of response is called phototropism If movemen 1 g ’ 

the annual ., sa.d to d.spiay a pos.t.ve photo, rop.c 
H away from the I.ght source, the phototrop.c response negah . 


Relation of Pressure to Living Substance . . „„ irTV1 l c 

Increase m atmosphenc not ^ ^ ^ 

greatly unt.l ,t become, marked Yeast « tozoaM , up to 800 

stand pressures of 600 to 1000 atm P ’ at J^ her , c has httle effect, 
atmospheres Decreasing the pressur urc are d]S . 

if the oxygen tension is kept constan 
cussed further in Chapter 29 
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Relation of Chemicals to Living Substance 

Of the tremendous number of chemicals — oxygen, carbon dioxide, cal 
cium, sodium, potassium iron, and so on — those of greatest importance to 
life functions will be considered Oxygen and carbon dioxide are treated 
in Chapter 30, and this discussion will therefore be limited to other more 
important types of chemicals 

Usually, when one refers to the emironment he is referring to the ex 
temal emironment — the air, the earth, and other forms and structures that 
surround humans and other animals The integument or covering which 
surrounds the bodies of animals and the functions earned out by certain 
mechanisms closely associated with the integument guard against the dan 
gers of rather great environmental changes The environment that pri 
marily concerns the body cells is the internal environment, which imme 
diately surrounds them This internal environment is the tissue fluid 
Lower animals, such as protozoans, sponges, and coelenterates, have no 
internal environment, and their cells arc therefore exposed to the full 
force of external environmental changes 

It is interesting to note that the types of salts and their concentrations 
in the body fluids of many animals arc very nearly the same as those of 
sea water, in higher vertebrates, however, the salt concentration of the 
blood is lower than that of sea water Ringer realized years ago (1874) 
that salts were essential in the bod) fluids lie devised a solution con 
tuning proper quantities of calcium, sodium, and potassium with which 
lie could perfuse an animal heart and cause it to continue beating for many 
hours so that lie could stud) the heart action Tins solution is used ex 
tcnsivch in the laborator) for bathing tissues to beep them alive for study 
purposes and is known as Ringer’s solution 

It is almost certain that all protoplasm requires some calcium (onl) a 
trace 111 some cases), as well as potassium and sodium These elements 
in the fonn of 1011s arc cxtrcmel) important in man) ph)siological processes 
and arc considered from time to time in later chapters 

ENZYMES AND ENZYME ACTION 

Enzymes accelerate chemical reactions The two chief types of re- 
actions that occur m living substance are (i) hydrolysis and its reverse 
process dehydration, and (z) oxidation and its reverse process, reduction 
Hvdrohsis is the common tvpc of reaction found m the digestion of foods 
I'or example, when double sugus, such as cane sugar, arc broken down 
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to simple sugars, such as glucose, in the intestinal tnct, a molecule of 
water reacts with each molecule of double sugar broken down 

C ls II..O tl + H.O » 2 C fi ll,.0 6 

Tins is a hydrolvtic process 

An example of an oxidation process as it occurs within living cells is 
the breakdown of glucose to carbon dioxide and water, which is accom 
pamed by release of energy This oxidation may be illustrated m the 
following manner 


C„II l2 O a + 6 0. > 6 CO, + 6 H.O + energy 


Tins equation represents the ultimate reaction — that between glucose and 
oxygen to produce water, carbon dioxide, and energy for work or mamte 
nance of body temperature Actually many intermediary reactions occur 
each of which requires at least one enzyme (m many eases more than 
one) for its completion 

These reactions (hydrolysis or oxidation) could not be carried out in 
vitro (outside the body), without the aid of very concentrated acids or 
high temperatures, that is, acids much mote concentrated or temperatures 
much higher than the body could stand Numerous enzymes, however, 
accelerate these reactions within living protoplasm As pointed out pre 
viously, these agents act in the same way as do inorganic catalysts and are 
soluble in water. 

All the enzymes thus far isolated have been identified as proteins None 
has been produced in the laboratory except by living cells Their specific 
ity is usually limited to group specificity For example, proteolytic en 
zymes attack all proteins and break them dowm to simpler substances, 


amylases affect starches . 

Enzymes may be defined as nater soluble, colloidal organ* catalysts 
more or less specific in action produced by living cells and destroyed by 
heat Enzymes are bel.eved to be essential to every hung process and 
enzyme action enables living substance to produce more of itself and grow 
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The Organization of Animals 


All living cells are surrounded by a fluid medium and it is Known that 
many physical and chemical processes that occur within this fluid medium 
affect the cell in some way or other Within limits living cells can adjust 
themselves to changes in their environment Moreover some although 
not all can even modify their environment for example certain protozoan 
cells when placed m a culture solution at a pH le\cl unsuitable for their 
maximum growth are able to change the pH to a more favorable value 
The ability to do this is very limited and if the animal cannot adjust itself 
it dies or at least leads a very abnormal life The adjustivc capacity of 
cells of higher animals is even more limited than those of lower forms 
The functions of the fluid i/icdia of living cells arc discussed in more 
detail in Chapter 20 however, it should be understood that the cells of all 
higher animals as they develop to form tissues and organs arc at all times 
suspended in a nutritive fluid medium 

DEVELOPMENT OF CELLS 

The study of the development of animals is covered in the field of cm 
bryology Merc mention will be made of some of the changes of phvsi 
ological interest that take place during development 
The protozoan cell is a complete organism It has no specialties all ot 
its living functions being earned out on approximatclv equal levels Pro- 
tozoa do have parts of their cells specialized for example the cilia which 
cover the surface ot Pmmncemm and ca\v>e vt to move bv \tavt whvpV.Vc 
strokes the food vacuole of the anioebj which is ouh a temponrv struc 
lure and the stalk of VorUccUa which is specialized for contraction 
These arc only parts of cells and therefore not made up of cells or tissues 
as arc organs of higher forms thev arc sometimes called organelles Dm 
sion of labor docs exist then m the unicellular forms but the division is 
within the cell itself 

In metazoan forms (see pin la m Figure 9) a division of labor prevails 
throughout the bodies of organisms The various tissues are distinguish^ 
blc from one another bv their specializations Fhat is a muscle cell con 
tracts a nerve cell conducts and a gland cell secretes each doing its work 
26 
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for its own benefit as well as for the benefit of most other body cells AI 
though each such specialized cell still carries on all the hung processes 
mentioned prcuousl), it has become so modified that it performs one or 
two functions exceptional!) well 



FIGURE 9 

The evolutionary tree of an 
mals Only the most impor 
tant ph>la of the animal 
kingdom and the vertebrate 
classes are given 


_ „ , v »i lP c e cells become associated 

In the following pages it will be sce " OIganlz at,on they may be 

10 formation of tissues and how with fur g , nrraniza 

come specific structural and functional systems m such a compkv orgamza 

t J on as the human body 

MITOSIS , , c , 

Three types of division are known to °““ r ^'^“pinchmg ,n two 
:rhf„^an“a"”s common as it was once thought to 
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be Moosis the type of division that occurs in germ cells ulicn tl.cv 

produce spermatozoa or ora, is discussed in connection ruth reproduction 
n, Chapter 40 At this point a discussion mil be given on development 
of rtie mdnlal after the spermatozoon has united u.th the ovum up .0 
the time nhen tissues and organs arc produced 
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material collects into a threadlike structure before division takes place. 
These chromatin threads fonn the chromosomes which con reproduce 
themselves and then diude into two groups after which the cell divides. 
In nnn, cell division proceeds until firnllv there is a small, solid mass. 
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TISSUES 

As the embryo continues to develop, each germ layer begins formation 
of the tissues for which it is specialized The ectoderm produces skin 
and the glands connected with it, hair, salivary glands, mucous glands of 
the mouth and nose, enamel of the teeth, and the nervous system The 
cndoderm forms the epithelium of the digestive tract, the digestive glands, 
lungs and respiratory passages, and epithelium of the urinary bladder, ure 
thra, and thvroid gland From the mesoderm arise smooth and striated 
muscles, the skeleton, all but the enamel of the teeth, all but the epithelial 
lining of the digestive tract, the heart, blood vessels, lymph vessels and 
nodes, the blood, reproductive organs, kidneys, ligaments, tendons, and 
the lining of the body cavities 

A tissue may be defined as a group of cells, all of which have the same 
origin, structure, and function The many tissues m the bodies of higher 
animals may be placed into four general groups epithelial, supporting mus 
cular, and nervous 

Epithelial tissues cover body surfaces and function m secretion, absorp- 
tion, and protection Those covering the outside of the body and lining 
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FIGURE 13 

Epithelial cells A simple squamous epithelial cells from 
shin surface, B ciliated columnar epithelial cells similar to 
those found in trachea and Fallopian tubes 

the internal structures (alimentary tract, trachea, and so on), which have 
ready access to the outside are the true epithelial tissues Those that line 
blood and ljmpli vessels are endothelial tissues The glands of the bodj 
consist of epithelial cells Those glands that have cavities and secrete 
their products bv way of ducts are called exocrine glands, m contrast to 
the ductless or endocrine glands that secrete directly into the blood stream 
The exocrine glands ma> be either tubular (simple or compound) or sac 
cular (simple or compound), as illustrated m Figure 14 

Connective tissues function in strengthening and connecting various 
structures, the tuo most important t;pcs are (l) white fib rous tissue and 
(,) yellow fibrous elastic tissue Supporting tissues include cartilage and 
bone tissues and usually haie comparatirel, few cells but a large amount 
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of intercellular substance or matrix. They are also classified under con- 
nective tissue. 

Cartilage cells lie in spaces within the matrix or intercellular substance, 
which are called lacunae. Cartilage may be temporary or permanent. 



TYPES OF TUBULAR GLANDS 



TYPES OF SACCULAR GLANDS 


FIGURE 14 

Tubular (a, b, c) and saccular (x. y, a) types ol glands. The 
cells are epithelial. 

Most of the cartilaginous structures that arc found in the body before forth 
become bone in later life. Some cartilage, on the other hand, remains 
permanent throughout life; although it may be- 
come calcified, it does not take on bony character- 
istics — the calcium salts are merely deposited in 
the cartilage. Such deposits may be a factor in 
the stiffness of old age, since the calcified condi- 
tion is certainly not conducive to actisc mosement. 

Three types of cartilage arc found in the bodies 
°f animals: 

*• Hyaline cartilage (Figure r6) makes up all 
the temporary variety as well as some of the per- 
"uncut. Examples of permanent hyalin* “'V, cartilage found in 
kgcarc the rib cartilages, the cartilage of the nose, 
the rings of the windpipe. 



FIGURE t5 

Sketch of connective t» 
me from juhcutaneom re 
gion 



32 


GENERAL 

2. Fibrous cartilage is found in many structures such as the discs be- 
tween the vertebrae (intervertebral discs), the cartilage of the knee joint, 
and the cartilage of the lower jaw. 


Ybumj 
cartilage-crib 

Group oF older 
cells 


FIGURE 16 

Ernphf lacuna 

Hyaline cartilage, showing 
cells in lacunae or spaces 
(From Greisheimcr, Phys 
iology and Anatomy, by 
permission of J. B. Lippin- 
cott Company.) 

3. Elastic cartilage contains a large number of elastic connective tissue 
fibers in its matrix. It has a yellowish color and is found in the external 
ear (pinna and canal), parts of the larynx, and the epiglottis. Muscular 
and nervous tissues will be studied as such in the chapters concerned with 
muscular movement and conduction. 


BONE 

Bone consists of both organic and inorganic material; about two thirds of 
its dry weight is inorganic. The organic portion consists chiefly of a pro- 
tein (ossein), which, when boiled, yields gelatin. The inorganic portion 
of bone is chiefly calcium phosphate, Ca 3 (P 0 4 ),, but it also contains rather 
large quantities of calcium carbonate, CaCO.,. Vitamin D plays a very 
important role in the normal deposition of these calcium salts. It is well 
known that rickets, a calcium and phosphorus deficient condition of bone, 
m ay appear in children whose diets are inadequate in Vitamin D content 
or who are not sufficiently exposed to sunlight, which acts on certain sub- 
stances beneath the skin to produce vitamin D. 
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Microscopic Structure of Bone 

Bone may be classified according to the manner in which it is produced 
For example, some bone is formed by the action of bone forming cells, 
osteoblasts, winch deposit the protein ma 
tenal and calcium phosphate upon a ma 
trix consisting of connects e tissue Be 
cause of the membranous nature of the 
connective tissue, this tvpe of bone is re 
ferred to as membrane bone The other 
type is cartilage bone, which is formed and 
deposited by the action of osteoblasts on 
hyaline cartilage 

Eventually the osteoblasts become sur 
rounded by the solid material which they 
have produced and the bone takes on 
rts characteristic microscopic appearance 
(Figure 17) The cells are contained in 
cavities called lacunae Ha^ ersian ca 
nals are tubelike structures surrounded 
by concentric layers of bone They con 
tain blood vessels that carry materials to the bone orming ce 

SYSTEMS OF THE BODY 

Tissues within the bodies of animals develop to form organs and the 
organs form s, stems, caeh of which is concerned with 
functions In the bodies of mammals nine systems mav «•% J* lde ^ 
fied (1) the skeletal system, which, primarily lends mate 

the mam body fiameworh but also sens “ » | \ extreme]! toxic 
nals (calcium, iron and certain metals winch wou 
d free m ,he body) and is the place ol origin ^^tth mo^cl 
the blood (2) the muscuto system which ouj , whlcll c0 - 

°f the skeletal framework of the bodv ( 3 ) j tissues (4) the 

ordinates the actmty o, near,, a, I of the other or^ns and 

circulator) system, through "Inch °"S ^ of „ ie bod) l0 an 

>ng from metabolism are transported ® , t] circ „| a , 0 rj sis 

other (5) the respirator, s, stem 1 d.** (6) lhe 

torn brings OX! gen into the bod, 3 " (d ,g C stion) of food that 

digestn c system which affects the b ^ trjmp0It to cc l| s 0 f 

must precede its absorption into the b 
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the body and later used, (7) the excretory system, which is concerned with 
ridding the body of waste products of metabolism, (8) the endocrine sys 
tem, the glandular organs of which maintain the delicately balanced func 
tion of cells and tissues Actually, the endocrine glands make up the 
second great coordinating system of the body, but generally the effects 
appear rather slowly and are of longer duration than in the case of changes 
caused by the nenous system, (9) the reproductive system, which is con 
cemed with production of ova or sperm and, in the female, with furnish 
mg essential nutritional conditions during the prenatal life of the ncuh 
formed individual 

Each of these systems is considered in detail in a later chapter The 
skeletal sjstem is treated first because of its importance in determining 
structural organization of the vertebrate bod} 

ADDITIONAL READING 

Maximow, A A , and \V Bloom, A Textbook of Histology, 5th ed (Saunders 
1948), chs 2, ^ 7 Epithelial and connectn c tissue, bone 
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The Skeleton of Animals 


The skeleton of animals senes in a supporting and a protective capacity 
The more primitive type of skeleton is the exosMeton with external sup- 
porting structures If we include all structures of a supporting and protec 
tne nature under the term skeleton some of the protozoans may e sai 



FIGURE ?8 

D#ugw an amoebod proto 
zoan that bu Ids its own e\o 
skeleton (si ell) from minute 
sand particles 


to possess skeletons These simple “alcmm rarbonate) or 

enngs in the form of shells <Xfl> potert.vc rn function 

srheeous (composed of silicon) nine JJJ B that of t ] ie artl.ro- 

(r.gurei8) The most common t,peo s up o( a mbslancc 

pods (insects crabs and related form ) 1 ojc but conhining some 

Colled chttm a poK saccharide sum , d shcll ] inl ,t s the extent to which 

nitrogen in its molecule Because th „ 5 i,ed periodical!! bs a 

the annual may gross tliccl'itinoiis^^h^ Ulcn takes in large 

nioltmg process called ccdysis In int i a new cxosVclcton 

'<*» i Of ssatcr so that its bod, becomes 

1S formed as a result of secretions o continue to increase its 

repetition of this process the anima^ is 
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size (rigure 19) Among the vertebrates fish have a scaly exoskeleton 
and the shell of the turtle is also a well known example of the latter 



FIGURE l» 

A grasshopper an animal encased m 
a chitxnous exoskeleton 


However if an animal were to attain a great size, this heavy external armor 
would become unwieldy The de\elopment of an endoskeleton with inter 
nal supporting structures furnishes a light flexible framework of sufficient 
strength to support the enormous weight of some of the largest land am 
mals known to man — the modern elephant or the extinct dinosaur for 
example Man has an exoskeleton in the form of nails hair and teeth 
but his bod) is supported b) a well de\ eloped endoskeleton 
The scattered siliceous spicules of the sponge are difficult to classif) 
but should probably be listed as parts of an endoskeleton since the) func 
tion in supporting the organism (Figure 20) However a true bony 




FIGURE 20 

Sp cules which make up {1 c skeletal 
framework of some sponges \ 
calcareous sp cules B s 1 cco is sp c 
ules 


endoskeleton is developed in the vertebrates its structures being formed 
from portions of the mesoderm Deposition of insoluble calcium salts 
cues rigidity to bone but in all cases living cells continue to be active and 
a blood hmpli and nerve supplv is maintained within the bone In add. 
t,on ligaments and tendons attach the bones to one another 
The most pnmitiv e portion of the endoskeleton is the nolocW Dus 
a rodltkc structure extending lengthwise through the dorsal regions of 

he bod.es 0/ vertebrate animals In the clasmobtanch fishes (stalk to 
example) the notochord and the skull are composed of cartilage In higher 
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fishes and all other vertebrates, the notochord is found only m embn onic 
forms and gives way to a segmentation and inclusion of a bony structure 
with the appearance of a bach bone The fins of fishes are the fore 
runners of the appendages of land animals Eventually these become spe 
cialized for supporting the animal for land movement and finally the} 
reach a state of differentiation for efficient rapid movements of the ele 
\ated body over land (legs) and for grasping objects (hands) 



of the Houghton Miffl n ) 


THE ENDOSKELETON OF MAN 

the Inch decree of efficiency winch 
" c rc cogmzc an excellent example o 5 Jt , d-vclopmcnt in 

"w b- attained In tlic cndosVclcton "lien 
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the human body However homologous structures are seen for most 
skeletal structures in other vertebrates 

The Axial Skeleton 

The human skeleton is divided into the axial sleleton consisting of the 
bones of the skull and trunk The bones of the skull which make up the 
cranium enclose the brain and protect it The bones of the face support 


FIGURE 22 

S de view of human skull 

or lend protection to the eves nose and buccal (mouth) cavity and the 
jaws function in tearing and chewing as well as aiding in the production 
of sounds created bv different animals 

The vertebral column is made up of thirty three bones seven cervical 
twelve thoracic or dorsal five lumbar five sacral (united to form the sa 
crum in adults) and four coccygeal vertebrae These vertebrae are con 
structed and arranged in such a manner as to allow considerable movement 
of the trunk which would be impossible if the column were simply a 
straight rigid tube A cartilaginous pad between the bodies of the 
vertebrae further facilitates their movement The spinal cord pisses 
through the spinal foramina and the spinal nerves pass out through the 
openings on each side of the vertebrae (the intervertebral foramina) 

The twelve ribs articulate (form movable joints) dorsally with the bodies 
of the thoracic vertebrae and their transverse processes ventral)) the ten 
upper pairs are attached to the sternum or breastbone bv means of the 
costal (rib) cartilages The two lower pairs are called free or floating ribs 
The sternum consists of three parts the manubrium at the top, the bod) 
and the ensiform cartilage or xjphoid process 
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Sternum 



FIGURE 25 

Indicating diagrammatically the way in 
which the nbs articulate (a) with the \er 
tebrae 


wdius and ulna of the wnst the carpals of the hand proper, the meta 
carpals, and of the fingers the phalanges 
In the adult the pelvic girdle consists of a large rigidly fixed bone on 
either side, the os innommatum In children each innominate bone is 
found to be divided into three parts — the tlwm the j schwm and the pubis 
During development these bones graduallj interlock firmlv with the forma 
tion of a deep socket at the point where ther meet The head of the long 
bone of the upper leg the femur, fits into this socket The lower leg bones 
are the tibia (shin bone) and the fibula which is the small bone of the calf 
The patella (kneecap) lies in front of the lower part of the femur and articu 
Iates with it The bones of the ankle and arch of the foot are the tarsals 
(comparable to the carpals of the hand) and metatarsals The bones of 
the toes like those of the fingers are called phalanges 



FIGURE 26 

A ball and s octet joint at hip B lunge joint at tllx>\v 
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Articulations 

The points at which bones mahe contact or unite with one another are 
called articulations There are three types (1) those articulations in 
which the bones are firmly united so that no mm orient tabes place between 
them, such as occur m the sutures of the shull, (2) t ose m " ' c 1 
bones are joined by cartilaginous discs (the bodies of the \ertebrac 
the two pubic bones which form the pubis) or b\ ligaments ( e ower 
articulation of the tibia and fibula) so that there ma> e some egree o 
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movement, and (3) the true joints, which allow for considerable move 
ment 

The true joints comprise several types a few of which we mav consider 
here The ball and socket joint is typified b) that occurring in the hip (pel 
\ ic girdle) , into which the head of the femur fits, and by that occurring m the 
shoulder girdle into which the humerus fits At the point of articulation, the 
bones are covered with cartilage, which in turn is covered with a synovial 
membrane The latter forms a sachke structure within which it secretes a 
lubricating fluid called synovial fluid There are many hinge joints in 
the body, of which those of the elbow, the fingers and the knee are exam 
pies In this type, also, cartilage and synovial membranes appear at the 
point of articulation The pivot joint may be illustrated by the bones of 
the forearm the radius and ulna, these bones are so formed and arranged 
that the radius can rotate about the ulna, which acts as the pivot Gliding 
joints are found in the carpal bones of the wrist and the tarsals of the 
foot Although the movements of these bones are not great, they can 
slide one over another to some extent 
The skeletal and muscular systems are closely associated m their func 
tions for furthering movement of the body The bones of the skeleton 
form levers which are controlled bj muscles attached to them The func 
tion of these levers is discussed in Chapter 5 

ADDITIONAL READING 

Gra) H Anatomy of the Human Body 25th ed (Philadelphia Lea and Tcbigcr 
1948) pp 59-252 2 55-33S Skeletal structures articulations 
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Mostment is a properts of all nutter, but is most strikingly manifested 
m hung substance In fact, so piotioitnccd is tins property that it is often 
used to dctenninc whether or not a piece of matter is Ining Although 
there was for mans scars a tcndencs to distinguish plants from animals 
bs the mosement or locomotion (mosement from place to place) of the 
latter, it is noss hnossai that plants or some of their structures arc also capa 
hie of both mosement and locomotion Protoplasm may esi ence a num 
her of types of mosement molecular (as esidenccd by Brossanan mose 
ment), streaming amoeboid, ciliary, anti contracti e 

MOLECULAR MOVEMENT 

Molecular mosement is a physical property of all matter, bu ‘ ' s “ sua > 
considered in terms of inorganic matter, especially gase Curry ne ha 
Obsersed the mosement of gas molecules in the gradual di pe s on of 
smohe cloud as it comes from the stack of a locomot.se or fron ‘he chimney 

of a house Such dispersal J oul *J^ stant movements of 

no air currents in the cn\ iron ment because o 



FIGURE 28 


r f t„ mo\ements of two different 

■.cm o.l — » 1=» 

loptasnuc parncles s referred to as Brownail 

ILSK-S* hr 


. , .1.1- the molecular mo\ement cannot be seen 

molecules themselves Although t h m<ne ment is s.s.ble 

even with the aid of a microscope «taee ^ ^ ^ ^ of larger, 

under high magnification of the m , hcsl . parllc 1es, called 

but still microscopic particles 1 who first noticed it, is ossmg 

Brownian movement after the m\est & 



46 STRUCTURE AND MOVEMENT 

to the collision of molecules with larger particles m solution and ma> be 
seen m living or nonliving material provided that the dispersion medium is 
not too viscous Figure 28 shows a tracing, made by means of a camera 
lucida, of the movements of such particles Note how irregular and zigzag 
their movements are Brownian movement occurs only in solated (fluid) 
protoplasm, gelated (viscous) protoplasm is too rigid a medium 


STREAMING MOVEMENT 

Protoplasm is not necessarily quiescent but may be in constant move 
ment Streaming movements may be obsened m the protoplasm of mam 
plant and animal cells Biologists believe that active streaming move 
ments occur, at least at times, in most if not all, living protoplasm which, 
therefore, is not the inert substance it appears to be m many cells If a 
thin slice of an Elodea leaf, for example, is placed under the microscope, 
streaming movements may be observed quite readily This phenomenon 


c»n won .c#« 
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FIGURE 29 

Sketch of a cell from the water plant 
Elodea The arrows indicate the 
direction of protoplasmic streaming 


is not so common in animal as m plant cells although in paramccnnn 
(one of the protozoa) food raettoks and other structures can be seen flow 
mg slow It in a cloeUisc direction within the organism Tins plicnom 
enon, hnown as cyclosis, maj be observed also m other ciliated protozoa 
The fundamental cause of streaming tcninm obscure, although mam 
theories have been advanced in an attempt to cvplrin it, the mqoriti o 
which however are rather fantastic and need not be discussed here The 
most acceptable theorj suggests that movement is caused bv alternating g« 
sol changes in the protoplasm, such as occur in amoeboid cells 


AMOEEOIO MOVfMEtrr UNO LOCOMOTION 
Amoeboid movement ,n cells ,s ovvrng „> part to streaming movement 
m thm the protoplasm winch mav result .n the formation of pseudopm! 
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which may engulf food organisms b) surrounding them or which may lead 
to movement of the cell itself from place to place (a process called locomo 
tion) The name amoeboid movement was suggested because the move 
ment occurs t\pically m common amoeboid forms such as Amoeba pro 
tern, but cells that move in this manner are found m all classes or organisms 


Occurrence of Amoebo d Cells 

Practically all members of the class Rhizopoda (the class to which the 
amoebae are assigned) of the Phylum Proto-oa depend upon the amoeboid 
form of movement Sponges (Phylum Pouf era) possess wandering cells 
that move around in an amoeboid fashion In fact it was shown jears 
ago that after the cells of a sponge are separated by forcing it through a 
sieve most of these cells assume an amoeboid habit and maj move about 
until they again make contact with one another The sponge also pro 
duces eggs which are amoeboid 

The hydra jellyfish sea anemones and so forth (Phylum Coelente 
rata) also have wandering cells that are amoeboid in their movement In 
the flatworms (Phylum Platyhelminthes ) amoeboid cells are found in the 
alimentary tract and maj function in the ingestion of food materials others 
are located in the mesoderm and mav plaj a role in excretion 

The threadworms (Phjlum Nemathelmmthes) have mesodermal cells 
that are amoeboid and may have some connection with excretory processes 
The spermatozoa of nematode worms are amoeboid (in most animals the 

spermatozoan is flagellated) _ , , . 

Amoeboid cells are found m the blood sjstcm tissue fluids lymph and 
other fluids of the body cavities of all other animals The most common 
of all are the leucoc>tes of the human blood stream and tissues which arc 
discussed in Chapter 23 

The Structure of Amoebo d Cetli 

Became of its size and the erne «.tl. aah.ch ,t can be cultured the spcc.cs 
Amoeba /.rotes has sciacd for most of the obscraotions concerning ; amoe- 
boid locomotion The streaming mosement of the protoplasm its geb 
tion at the anterior and its solatiou at the posterior end can be read.!) seen 
".thin this organism with the aid of a good compound microscope 

Basieallj all amoeboid cells resemble those of Amoeba proleiis ,n stnic 
lure Tins unicellular animal consists of a central elongated fluid portion 
surrounded b, a gelated mass The entire cell is emcloped b a thm 
elastic membrane approxumteh o_; microns in Unclncss ^"s mem 
bra, ic is called the p/aWemma .be fluid part the pfairm.ro/ and the 
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gelated part, the plasmagcl Between the plasmalemma and plasmagel is 
found a clear layer (hyalin area), rather limited in thickness and difficult 
to see over most of the amoeba but usually more extensive at the tips of the 


FIGURE 30 

An amoeba with ns various stmetum 
indicated 

pscudopods where it is known as the hyalin cip This hyalin area is quite 
fluid and variable in thickness 

If a motionless nmoeba could be observed the plasmosol would have 
roughly the form of an elongated rod with an expanded anterior end In 
the moMTig amoeba the plasmasol occupies the central portion of the cell 
and extends b\ flowing into the anterior portion It contains many gran 
ulcs and crvstals The plasmagcl, which is practical motionless even 
while the plasmasol is flowing contains many granules and surrounds the 
plasmasol The plasmagcl is relatively rigid and resembles a tube through 
which the plasmasol flows The portion at the anterior end of the eel) 
which is very thin is referred to as the plasmagcl sheet 

Amoebsid Cell* and Application of Theor el of Movement 

The belief formerly held that amoeboid movement could he explained 
entirch on the basis of changes in surface tension is no longer accepted 
Undoubtcdlv a lowering or raising of surface tension docs affect living 
amoeboid cells to a limited extent, but tins tv pc of locomotion cannot be 
so simply explained The thcorv of amoeboid locomotion suggested In 
Mast m 1926 scans to lie most acceptable It applies very well to most 
cells which show this tvpc of movement He concludes that four out 
standing factors contribute to locomotion m amoebae and other amoeboid 
cells Ilicsc 3rc (1) attachment to the substratum (bottom of culture 
dish or mtutal liahitit), (1) gchtiou of plasmiso! it the interior end 
(5) solution of plasmagel it the posterior end and f.|) em, Inchon of the 
pbsnugc! al the postcr.ot end Cclahon ocems it the interior enJ and 
results in in extension of tire tuhe through »h ich fbnw I he plj.mr'o! 
that is formed at the p utrrinr e-d 
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The rate of locomotion m free living amoebae varies considerably (from 
appro\imitcl) 1 o to 4 5 microns per second) depending on the conditions 
of the environment Clearly, a true rate can only be obtained from mono 




Slctchcs lllustrat ng the rations stages in anraebo d bcBMtm iWter Mast) 

A d Hatton through phsntagcl sheet ^ iZtl 7Z 

D d, Hus on through new 


plasmagel sheet just inside membrane 
sheet and formation of liyal n cap 


nn ,, . T __ f i 1P other hand mote much more slowlj 

podal forms Leucocytes on tne omer „ n ^«, rmh 

than amoebae and then "”^ ! ;IX‘«l]oct»not,on ,s much 
KT., mo— o, plants and — 

tlic amoeboid cells tbemselses the stream, ng mosement ts found 
ml times as great as the forward mosement or locomotion 
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Foctors Affecting Amoeboid Locomotion 

Amoeboid locomotion is affected by most of the common physical and 
chemical factors of the environment The effects of changes in hydro 
gemon concentration and temperature are noticeable almost immediately 
In Amoeba proteus too great a change from pH 6 8 (approximately) will 
slow movement As the temperature is decreased from room temperature 
(approximately 21 degrees C ) movement decreases an increase in tempera 
ture causes an increase in mo\ement up to about 35 to 40 degrees C at 
which point movement ceases Alterations m oxygen, carbon dioxide, 
and salt content also influence locomotion, although the effects may not 
be so ob\ ious until a longer period of time has elapsed Naturally, oxygen 
is utilized in the production of the energy required for movement, but the 
production of energy for immediate use is not dependent upon the pres 
ence of oxygen Locomotion can occur in the total absence of oxygen, a 
condition similar to that found in muscle and ciliated cells (such as in 
paramecia) Calcium, sodium, potassium, and magnesium salts are espc 
ciallj important in amoeboid movement, for they seem to play a role in the 
gelation and solation of protoplasm 


CILIARY MOVEMENT 

Although Van Leeuwenhoek first observed ciliary movement about the 
middle of the seventeenth centur), no serious consideration was given to 
this type of movement until cilia were discovered in the human body 



FIGURE 32 

A Paramecium a ci bated organism, B 
Catena, a flaeelfatcd organism 
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Cilia, which arc hairhhe projections, are found on some cells in animals 
of all phyla, with the possible exceptions of the Phyla Nematoda and 
Arthropoda. In some animal forms at least, cilia are only a part of the 
complicated mechanism that constitutes the " neuromotor apparatus, con- 
sisting of motor elements and conductile elements that control and coot 
dmate the movements of cilia. 

Flagella differ from cilia only quantitatively; that is, cilia are usually 
shorter and more numerous than flagella. The length, however, is not an 
absolute, rather, it is based on the size of the cell: the flagellum is usually 
longer than half the length of the cell, the cilia, shorter 

OCCURRENCE AND FUNCTION OF CILIATED AND FLAGELLATED CELLS 
Ciliated and flagellated cells are numerous and quite vanable in the 
classes Ciliata and Mastigophora (Phylum Protozoa). Moreover, a 
“neuromotor apparatus” has been described m mans forms In Para 
mecium, for example, such a mechanism is found, which consists of fibrils 
leading from a common center (neuromotor center) to the cilia. That 



these fibrils are probably conductile is indicated by the fact that uhen thei 
are cut the coordinated beats of the ^rfia ^ ^iHhich 3re c3 „ ed choano . 

In the sponges are found many flagcll d 1 SUIr0 „nds the 

Cytcs because of the transparent collar like 

flagellum. Being incapable of movement from p face to p c tl c sponge 
« dependent upon these cells for ( , |C c3 „ 3 , s and cant; 

P 1. and the, also aid in e ' CICl,on , , he „ atcr containing food and 
°f the sponge and beat in such a wav 
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oxygen is earned through the small pores of the sponge and on out through 
the osculum 

Ciliated Or flagellated cells are found, generally, among the Coelen 
terata Hydra , a fresh water form, has numerous flagellated cells, which 
evidently serve the same purpose as the choanocjte cells of the sponge 
The bodies of sea anemones are sometimes covered with ciliated cells 



FIGURE 34 

Illustrating flagellated cells in the fresh 
water coelenteratc Hydra 



FIGURE 35 

A, drawing of the flatworm Planana 
to show the excretory s) stem with 
‘ flame cells, B, enlarged view of a 
flame cell 


The members of the Phylum Ctenofihora have ciliated plates that have 
to do with locomotion 

Some forms of Ptatyhelnunthes are covered externa II j with ciln, which 
aid greatly m locomotion Plananan flat worms, which live in fresh water, 
are of tins type Ciliated cells arc also found in Hie excretory sjstems of 
'fiatu orms and arc referred to as flame cells because of Hieir resemblance to 
a candle flame when m motion Tlicsc cilia force Hie excretory fluids 
through canals or tubes to the outside 
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The trocophorc hnac of the Annelida arc corned with ciln b) means 
of which the) cam on the process of locomotion Hie adult worms hate 
flame cells in their cxciclor) s) stems 
Ciliated lame of the Echinodcnnata and the lower Chordata arc \crj 
similar In the ease of the starfish near!) 

CNer) organ and c\cr) surface of the bod) 
is corned with cilia Those on the sur 
face keep it free of debris and cause cur 
rents that ensure a fresh suppK of ox) 
genated water 

The Mol/uscd arc well known for the 
ciliated cells found on their gills The 
cilia function m respiration and removal 

of debris FIGURE 36 



Most of the species of the Plnlum Rott ^ c c)ll3tcd j am 0 f an annelid 
fera depend upon cilia for movement 
These organisms mo\ c from place to place 

attaching themselves tcinpormlv to various ob]cets in the environment 
The elm arc also used in procuring food uhcit the animal is attached This 
act is accomplished bi currents produced m the uatcr by the cilia in such a 
"as as to force small food particles tossard the mouth 

In all the Chordata ate found examples of ciliated or flagellated cells 
Neither cilia nor flagella arc utilized for locomotion of cells or organisms in 
fishes reptiles buds and mammals mth tbc following captions * he 
flagellated spermatozoa of anrmals and the soung tadpole of the Amplubta 
"Inch often moves b) cilia both before and after it batches from the egg 
In these forms the cilm arc used chiefli for movement of Hinds and particles 


m the fluids , £ 

In humans dialed cells are found on the mucous membranes of the nos 
tills the nasal duct and lachrymal sac The, also occur rn the phann 
Lusted, an tube and inthin the middle ear C.hated cells hue the : lial s 
of the larynx trachea and bronchral tubes In the b ™ndml tub® crhl t^ 
movements cause the mucus to collect in a mass 1 ) Falloman 

pelled during the cougl.mg movements that follow In the Fallopian 
tubes the c.l,a possibly function in the movement of the egg tc . the n tern 
Within the Ja efferent, a and the tube of the epnhdynus erhattd eel aul 
in the passage of spermatozoa tovvard the semrra ves. ^ ^ „ a , ]s of 
tozoa themselves as mentioned abo\e g n „ M!in9 thp move 

the ventricles of the bra.n crlra probably fnnct.on rn mcreasmg the move 
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ment of the cerebrospinal fluid Ciliated cells also line the renal tubules 
of the kidney 

When the cilia or flagella of a cell strike the surrounding fluid the} may 
function in one or both of the following nays (i ) they maj move the cell 
itself, or (2) thej may move the fluid surrounding it, that is, if the cell 
is unable to move or is normally stationary, only the water moves Both 
mo\ements have their advantages In the first case, the cell (or organism) 



FIGURE 37 FIGURE 38 

Sketches illustrating the three general tjpes of Cop) of a scries of moving 

cihar) or flagellar movement pendular undu pictures of the flexural 

lator) and fleuiral A return stroke B ef tv pc of Ciliary movement 

fee Ui c stroke Successive positions arc 

numbered from 1 to jo 

may be earned from place to place thercb) reaching food material and 
oxjgenated water whereas in the second case, the movements bring the 
food and o\)genated water to the cell 

CONTRACTILE MOVEMENT 

Contractile movement is a propeit) of most protoplasms .f not all, in 
\ estimation lias shown tlial cicn the lowest protozoan cell mas show con 
traction of the protoplasm although the contraction is not a specialized 
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function of the cell On the other hind, certain protozoan forms such 
as Stentor, Vorticclla, and Sptrostomum do 
show a specialized tvpc of contraction H 
bnls ha\e been obsened in these forms and 
are thought to be the true contractile cle 
ments responsible for contractile mo\ ement 
in these species They ire called myonemes 
In Figure 39 is shown the structure of i por 
tion of the stalk and the bodj of Vorticclla 
This organism is capable of \cry rapid and 
strong contractions during which its fibrils 
or myonemes take on a spiral form 
In all probability the fundamental proc 
esses invohed m streaming amoeboid and 
ciliary mo\ements arc also imohed m con 
tractile mo\ements Undoubtcdh consider 
able information pertinent to a greatci un 
derstanding of contractile moacmcnts could 
be obtained b\ obscnations that could be FIGURE 39 

made upon some of these lower forms of am M)0ncmcs , n Vorticclla A 

mals Tor studying phenomena connected w j icn animal is extended B 

With muscle contraction higher forms of in wl.cn contracted 
vertebrate and vertcbrrtc animals arc used 




56 


STRUCTURE AND MOVEMENT 


FUNCTIONS OF STRIATED CARDIAC AND SMOOTH MUSCLE 
The functions of muscle m animals and man are many Striated mus 
cles function m the movement of different skeletal parts and in posture 
The striated muscles of the larynx, diaphragm, ribs, and abdomen play a 
part m movements concerned with respiration, those of the ]avvs, tongue, 
cheeks, and upper part of the esophagus aid in the chewing and mixing of 
food in preparation for digestion, and those of the external anal sphincter 
aid in the expulsion of fecal matter, m urination or micturition the striated 
muscle of the external urethral sphincter plays a part, heat regulation during 
exposure to cold environment depends upon the shivering movements of 
striated muscles, which produce heat, striated muscles also take part in 
proper functioning of certain sense organs, such as the eye and the ear 



FIGURE 40 


Tjpes of muscle tissue found in mammals A stnaled or skeletal B smooth or 
Msceral C cardiac or heart muscle 


Cardiac muscle, as is well known, functions in the circulation of the 
blood, its contractions cause the pumping actnitj of the heart 

Smooth muscles line man) functions to perform in the sisccra and other 
parts of the body Necessary to the circulation of the blood and Ijinpb, 
tl ar£ , a i !0 important in the regulation of blood pressure, for the smaller 
blood \essels are constr.eted or dilated by the contraction or relaxation of 
smooth muscles in their nails Respiration may be earned on u itlr ease or 
, L„ 1h depending upon the dilation (relaxation of smooth muscles) or eon 

strrction ° f "" 
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The smooth muscles of the lower part of the esophagus the stomach in 
tcstincs and gall bladder arc concerned with digestion absorption and 
excretion The smooth muscles of the ureter and bladder aid m urina 
tion those of the rallopian tubes uterus ids deferens seminal glands and 
erectile tissue liar c to do with reproduction The smooth muscles attached 
to the base of hairs aid in licit regulation because the dead air space which 
acts as insulation is increased when the hairs stand erect A t loug 1 o it 
tie consequence in maintenance of human bod) heat this insulation is of 
great importance to lower animals 


DEVELOPMENT OF CONTRACTILE TISSUE 

Turther discussion on the ehanetenst.es of the three forms of muscle will 
be made later but first of all it « ould be of value to understand the der elop 
me.it of contractile tissue from the more primitive to the more specialized 
that IS from the ordinary primitive smooth muscle cc o .e ig y 
oped striated cell This extremely interesting developmen can 1 be f 
lowed by comparing these tissues as they occur in organisms of the d.ffere 

3n ktough la the Por, fere (sponges) can hardly be said to possess muscle 
ce‘ls m the strict sense the somewl.at elongated ce^ ^ 

r — 

If the osculum is stimulated it takes of , he c0nductl0n and 

mg This time lapse ,nd ’“ t “ e £, everlh cless these cells may be the 
entrant, on m sponge £***“ hunted cont ract.le powers In 

forerunners of the muscle cell despuc 1 r.rn.lnr to that of a 

fact the structure of these contractile cells of sponges is similar to 

smooth muscle cell 0 f contract.le cells are found In 

Among the Codenteruta sereral type ‘ there IS evidence of the 

Hydra one ol the lowliest of e functionally primitive contrac 

existence of true though struetural T ^ / in th , s species are 

tile cells The chrel type of ^ pI0leclK e receptor 

of ectodermal ongm and serve : s fl ielia l they hare a pro 

and effector cells that is since : y P ^ a]s0 recei\ e stim 

tective function ]ust as other epit e '. n ^ contr actile portion of the 
uli and conduct the resulting impu 0 £ the higher 

cell They are called musculo epUheUd of endode L, 

coelenterates such as the sea anernon ^ ^ somenhat from those ol 
ongin occur They also are epithe whjch 1S mam l y conductile in 

Hjdra m that each usually has a long p 
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function, leading from the receptor portion of the cell to the contractile 
part Other types of contractile cells having the appearance of smooth 
muscle cells, and eien contractile cells that have become sufficient!) dif 



A 9 


FIGURE -II 

The musculo epithelial cells of 
coclcntcratcs Ilicy arc cpi 
fhclnl and conductdc in nature 
at one cud and contractile at 
the other end A an cctodcr 
nial cell J1 an mdodcrmal cell 


ferentnted to acquire a slightly longitudnnil} striated appearance, also 
arc found m coelcntcrates Tlic longitudinal!) striated cells of coclcn 
tentes however, arc not far advanced in complexity of structure over the 
primitive smooth muscle cell 

Among the flatworms, PlatyhcUmnthcs, there exists a smooth muscle 
tvpe of contractile cell, which is somewhat similar to those found in the 
coclcntcratcs 

In the Ncmatoda arc found peculiar longitudinal!) striated contractile 
cells as well is smooth muscle cells, which arc mesodermal m origin 'Hus 
is the lowest Phi him in which muscle cells of mesodermal origin occur 
Hi ere is no evidence of cross striation occurring in muscle cells until the 
Phjlum Mollusca is reached where, in some of the species cells resem 
bling cardnc tissue arc found These cells show both cross and tongi 
tudinal striations In some of the Cephalopoda arc found muscle fi!x.n 
that have diagonal striations The diagonal appearance is a idcntlv due 
to the spiral arrangement of the fibrils within the muscle cell or fiber 
The ArtJiropoda luve both nominated and striated muscle cells all will 
differentiated and fairh similar to those found in the chord ties In fict 
the results of investigation* earned out on msec! muscles have added much 
to our understanding of the action of mammalian stnitol mmclc 

far more investigations on muscle contraction have been concerned with 
striated muscle than with am other Hie greater part of the following 
discussion, therefore sull be mien up 'wth tins tspc 
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STRUCTURE OF STRIATED MUSCLE 

The \oluntary stunted muscle of mammals and humans is so called be 
cause it common!) acts under couscous control and because of the band 
mgs or cross striatums which characterize the microscopic s rue ur 
muscle fibers I he muscle fiber or muscle cell, as stated prevmus y on 

tains mail) nuclei and for this reason “ b^Tuse^ey are attached 

muscles are often referred to as skeletal mu 

“d muscle fibers are comparably long, averaging ,0 to 4 o mm 


According to some authors, thev may 
reach 30 cm , but this figure is ques 
tionable, since muscle cells can form 
long strands by uniting end to end, 
there is no need for such a great 
length The diameter of muscle fi 
hers \ancs considerably, even m the 
same muscle, ranging from 10 to 100 p 
The increase in size of a muscle as the 
result of exercise, work or the normal 
growth process, is owing to increase 
in diameter of mdi\ idual fibers rather 
than to increase in fiber number 
The skeletal muscle fiber or cell is 
made up of numerous longitudinal 
fibrils which mav be aggregated into 
small bundles manifest in cross sec 
tion As viewed in cross section the 



fibrils are referred to as the areas fibn i s 

of Cohnheun The sarcoplasm (or ^ membrane 0 f the fiber or 

muscle protoplasm) surrounds these » ‘ ^ sarco i emm a 

cell enclosing the fibrils and sarcop asm 1 fasciculi (bundles of muscle 

The muscle proper is made up o and wry , n g greatly in num 

fibers), bound together b\ connectiv ^ 
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her and in size Each fasciculus is surrounded by connective tissue (pen 
mystum ) and all the fasciculi forming the muscle are encased in a tough 
connective tissue sheath (epimysium) 

Under normal conditions skeletal muscle is activated by its specific 
nerve if the nerve is cut, all voluntary movement ceases Skeletal muscle 
does not show automatic activity such as that exhibited b) smooth muscle 
The skeletal muscle will contract only if it or its attached nerve is stimu 
lated The fact that it responds to stimuli applied directly to it indicates 
that skeletal muscle shows tmtabtUty or excitability 


INDEPENDENT IRRITABILITY OF MUSCLE 

In the middle of the last century Claude Bernard proved verj effective!! 
by experiments with the drug curare that muscle possesses independent 
irritability 


Curare is used by some tribes of South American Indians on the tips of 
their arrows The victims become paralyzed after injur) by such arrows 
but the ability to experience sensations is not affected It is now known 
that the drug exerts its influence at the junction of the motor neuron (the 
nerve cell that leads to muscle) and muscle (m)oncnnl junction) so tint 
transmission of impulses across this junction is lost although the muscle 
fiber is not damaged that is the muscle responds after exposure to cmarc 
b) direct stimulation onl> the impulses from its nenc having no effect 
Thus an animal or person poisoned with curare maj experience pam and 
other sensations but ma) be unable to move 
To demonstrate this in the labontor) the brain of a frog is dc$tro)cd 
Frogs and other cold blooded animals arc useful for such experiments 
because their tissues will remain alive for hours and da)S after destruction 
of the brain Without cutting or injuring the sciatic nerve is dissected out 


m both thighs of the frog and carefullv freed from the surrounding tissues 
A ligature (thread) is passed under the nerve and fairly tight!) about the 
one leg In tins manner the blood suppl) to that leg is cut off without 
interfering with ncnc conduction Curare injected beneath the skin of 
the frog enters the blood stream and is carried to all parts of thebodv cxcqit 
the leg which is ligated After 15 to 20 mm following the curare mjee 
tion pinching the toe of the ligated leg is followed U contraction of the 
muscles of that leg there is no response to pinching m the nonhgated leg 
If the sciatic nerve in each leg is stimulated eJcctncallv, the muscles of the 
lurated lcc contract the muscles in the other leg do not If however the 
muscles in each leg are exposed and sdimdalcd ducclh. a icsponsc » oh 



STRIATED MUSCLE 

tamed m both cases Curare blocbs the junction between the muscle and 
nerve (myoneural junction) so that no impulses reach the muscle by nay 
of the nerve Yet the muscle responds to direct stimulation, proving that 
it is independently irritable 

METHODS USED IN THE STUDY OF MUSCLE PHYSIOLOGY 
There are two methods by means of which stud) can be made of the 
response of a muscle to stimulation (1) the isometnc met 10 in w ic 
the muscle is fastened m such a way that it cannot contract an mos o 
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of Achilles) is fastened to a muscle lever so that when the muscle is stimu 
Iated the lever is lifted through space With the proper arrangement and 
apparatus, numerous experiments can be performed that should give a 
fair knowledge of the behavior of muscle In fact, very little, if anything 
was known about the physiology of muscle until after the years 1846-1850 
during which period the graphic method was first employed by Weber and 
Helmholtz This entailed the use of a myograph (now called the kymo- 
graph) by means of which tracings (myograms) of a muscular contraction 
can be obtained Records or myograms can be made on smoked paper on 
the revolving drum of a kymograph The myograms best suited for analy 
sis are those obtained from muscles of poikilotherms (coldblooded am 
mals), such as frogs, because the excitability of muscle and nene in this 
group is of much longer duration than that in the homoiotherms (warm 
blooded animals) 


STIMULATION OF MUSCLE 

Although any one of several types of stimuli (mechanical, chemical 
thermal, or electrical) may be used to cause contraction, the type usually 
employed is electrical This latter method of stimulation is more desira 
ble for several reasons (1) the ease of application, (2) the control of in 

FIGURE 44 

Kymograph record of minimal 
and maximal stimuli The 
intensity of the current at 
zero when the test was begun 
(the secondar) coil of the in 
ductorium was at its greatest 
distance from the primary 
coil) was increased progres 
sively Only brcaL shocks 
were used for stimulating 
The minimal stimulus was ob 
tamed when the sccandarj 
coil was at 13 cm from the 
primary — the muscle barcl) 
contracted (Mi) The maw 
nial stimulus was at 4 cm 
(Ma) 



. the lack of sercre damage to the tissue which mas result from 

o “lotion. u»d £ .he fact that .he Cec.nca, stimulus 
other met p|, )S ,ological excitation transmitted hr the 

rSS either contact the nene o, a — tc 


63 


STRIATED MUSCLE 

preparation or contact the muscle d.rectly The apparatus commonly used 
for obtaining the proper electrical stimulation is the inductonum (indue 
tion coil) With this apparatus the intensity, rate, and duration of stimuli 
can easily be controlled 

When an electrical stimulus is applied to a muscle or to the nene of a 
nerse muscle preparation, results show that by gradual, successive increases 
in intensitv from zero (at which point no contraction is observed), an in 
tensitv is finallv reached where a very feeble contraction occurs Tins is 
the minimal stimulus (also called Imunal or threshold stimulus ) A slim 
ulus of less intensitv is designated as submuumal If this intens,t ) 1S 
ther increased, a greater contraction of the muscle is o tame vvi eac 
successive increase until a point ,s reached above which there is no furthe 
increase nr contraction This is the maximal stimulus and an, 

or contraction between minimal and maximal is esigna e as 

(Figure 44) A more powerful stimulation beyond the point of maximal 
stimulus may cause destruction of the nene or muse e 

SIMPLE MUSCLE CONTRACTION 
Wen a fresh muscle, prepared and fixed for 
stimulated by a single maximal stin '“^^p ( ‘J gk , muscle Milch 
lowed instantly by a relaxation ' s ter,ned J ’ occ m h „ n ,an mus 

The latter is not the type of contraction u > ^ * vo]ley of nene 

cles during normal activity, but that result g J sh g , he movement of 
impulses A record of a simple muscle F .. 

the muscle lever on a revolving drum is .^"the simple muscle contrac 
An examination of this record rev «> ^ contmctmn 

tion may be divided into three interval 
period, and the period of relaxation 

The Intent and the Rcfroctory Periods , . w t, en \anOUS 

The latent penod is that interval following^ un^ t]]e ’ contractlon of 

mechanisms involved m final P r “ U ime accold m g to the type of animal 

muscle are active, it varies m lengtl of t])( , frog gastIOC „ cmm s (the 

muscle, and apparatus used In ratus shown in Figure 43 

muscle of the lower leg), using the )p tme latent p en0 d is much 

the latent penod is around o 01 secon lengthened it If the mus 

shorter than this, but artificial conditions 1S muC h greater and 

cle is stimulated through the nene dottn the nene and cross 

'Mil include the time it takes the impu se en d plate) junction A^tmlh, 

the nene muscle (or rmoneural, or muse 
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jn view of results obtained with extreme!} delicate apparatus it appears that 
the time required for the muscle to initiate contraction after the stimulus 
lias reached it, may be nearer to o 004 sec , and that the time for changes 
associated with the dexelopment of tension, or response, m the protoplasm 
of the muscle is even less / 


LATENT CONTRACTION RELAXATION 
PERIOO\ PERIOD/ /PERIOD 
rv “->r ■» 



(—POINT OP 
STIMULATION 
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of time required for the cells to recover from these changes is called the re- 
fractor) period At the end of this intenal, the muscle is again irritable 
It is possible to distinguish two refractor) phases (1) an absolute rc 
fracton period, at uhich time the strongest stimulus mil fail to engender 
a response m muscle that has recened an initial stimulus, and (:) a rehrfnc 
refractory period, when a second stimulus, if sufficiently stronger than the 

first, may elicit a response . , . , . 

In cardiac muscle the absolute refractor) period begins immediate y a 
the time of stimulation and lasts almost through the contraction phase, 
and the relative refractory period lasts throughout t e re axa ion peno 
For this reason the heart muscle eery seldom contracts a second tim 
fore it has completely relaxed Consequently, t e ong re rac F 
results ,n the rhythmical nature of the heartbeat and the heart cannot he 

thrown into complete tetanus 

^^TcontrdcfKm or shortening period follows to^emome^ts 
penod, that ,s, when the tension of the muscle is suffi ent 
own inertia and that of attached ob,ects such as lexer, scak P », 
weights The time of each coupon -ms cormderahly rnthffihe.ent 
species, and ,n different muscles of the sa P ^ ^ )onger mam 
sects (otxn and less in wing E hei tha „ 3rth ropods In the 

mals, and longest of all in poihilotherms, 

frog gastrocnemius, it is about 004 to 00, sec ^ (o ]oclte def 

Numerous investigations have been m contraction begins, but 

initeh where in the muscle cell the sh« ' - “"n darh 

as yet there seems to be no S enetal d contraction but it is not 
bands of the fibrils increase in volume dun * ^ ^ 5ar c 0p l asm su r 

* ** b3 " dS "" h ' n ,he fibn ' 5 

HOATIONSH1F OF striated « U * L “ T ° ™ E skeletal 

The student has acquainted hi dlScUSS cd m Chapter 3 Tins 

s>-stem and the arrangement of , ”“ dun£ , r he work done bs striated 
knowledge is of considerable \alue w > . ^ or |j C ]i % a nd have at 

muscles These muscles usualh consis 0 ( 1 ) b\ direct union of 

least two attachments to bones which mJ ' 1S continuous with the 

muscle with bone (=) indirecth b\ a ten arC3 al w inch a muscle 

muscle, or (3) b\ sheets of connect!' c » ssu 
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muscle, the more work (that is, contraction) it can perform, and the more 
gl) cogen present, the longer the muscle ma) be kept at work without re 
new al of its energj supplj from external sources 




FIGURE 47 

The effect of load upon contraction of the 
gastrocnemius muscle of the frog The 
"Otl done maj be expressed in gram 

centimeters ar >d is obtained b> multiph mg 

the height of contraction bj the weight 


FIGURE 48 

Graph of work performed bv the frogs 
gastrocnemius muscle under different loads 
(from the results gnen in Hgiire -J7) 
The optimum load is 6, grams 59 g« m 
centimctcfs of worL was done with this 
load 


The work done ma, be calculated b, arcerta.n.ng the d, stance <mcenh 

meters) through „h,ch the muscle hfts a certan^ojd ^ (or 

mg the product (in gum, « ntimc '"2 . , n n „Llcs as does tire cfficicnc, 
capable of being done) varies eonsiderabh , t i, e preatest 

and optimum foad As shown, m the accompanying gnphjhc pcatet 

efficiencr is not obtained with a minimum nor ’ * p nm) , hc orat 
"ith one somewhere between the two cn cffic , cnt the absolute 

of ,.ew of percentage, muscle docs not sc i be ^ ^ [<ason for t h,s 
efficiency occurring between ;o and 30 P loss of ,. ncrg , bl was 

low efficiency, along wall, many rannot be com cited into 

of beat dunng the rccoscr, period „ ]ost f or the most 

mechanical energ,. thus, its usefulness to the 

port , Cura, can be measured 

Work done by certain muscles sucli as , apparatus called an 

-but onl, within narrow limits— ba means of a special appa 
ergognph 
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is attached to a bone is designated as its origin if it is fixed, and tnserfioi 
if the attachment is movable 

Striated muscles perform work only when they contract They are si 
arranged that each muscle group, involved in a given movement, is closel; 
associated with an antagonistic group An example is shown in Figure 46 



Extent (A) and /tenon ( B > ° f "» fa “nn by antagonistic 
Ses the biceps (a) and the tneeps (b) Shading md.ea.es 

contraction 

1 arm has two points of ongm (as its name indi 

The biceps muse „ Inser ted on the radius of the forearm When 

cates) on the scapu , , ls Hexed The antagonistic mus 

this muscle contrac s, ()ic u j a anl j posterior surface of the 

cle, the triceps, has onp ^ ^ ^ forearm Wicn , hc trtccps con 

humerus and is inset ^ Smce thcse two muscles are opposite in 

tracts, the forearm ^ of thcm mu st be relaxed while the other 

contracted^ during the performance of their respect, re functions 


, Done bj Muscles „, n „„ with its size and the 

Th,,s> ,,,c toscr 
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FIGURE 49 

Effect of different temperatures on 
the latent contraction and relaxa 
tion phases of the frog gastrocnemius 
muscle (From Grcishcimer Phys 
iolo°v and Anatomy, b) permission 
of J B Lippmcott Company ) 


Rigor Mortis , , , , . , 

Soon after the death of an individual, the muscles o t e ° >^] |h ^ 
state of death rigor or ngor mortis dnraetenzed a ^ for thu con 
a ngiditr of the substance of the muscle The S t0 

d.tion to make its appearance « ,,es “ nsl 1 " a , most mstantanem.sly 

bts after death There are cases where ng JoIdim arc some „ m es 

{cataleptic rigor) and reports base been Eudcntl) man) 

found in rigor with their guns in post i circ ,f mst ances os fatigue, 

factors maj play a part m the time of on S ^ [hc , |le hastcn the ap 
warmth, disease, deficiency in oxygen PP s |]as , ]css 5ol , d con 

pcarancc of the condition A muscle in r e 
sistenev than one m ngor caloris 

THE ALL OR NONE LAW 

, t » i muscle fiber, the impulse that pisses 
The contraction of a single striated tart arc slid to 

Oicr a single neuron and the contraction of the 

follow the all-or none law clc B s „ mll hlcd electrically 

It has abends been noted that if stri ^ ndcd response is ob- 

"ith intensities between minimal an maxu^ tt j )C „ stimulated b\ 

tamed as indicated in Hgurc 44 (l n S c _ | omcrsch one stmiulttcd In a 
a current of weak intensih responds cc \ Smcc 1S71 when Bow 

current of strong intcnsit\ responds P°" c * 1 ^ stimulus strong enough 

ditch made the discos era it has been 11 ®'' ^ nmsc j t p I() dticcs one tint is 
to produce 1 response when appbc to 1 ^ , n creased stimuli the 

ummni llicrc is no gradation of «*P jn ff)> t , JC stIO ng=st tint can be 
contraction is the s*imc for 1 v'cab stunti u 
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The Refoxation Period 

The relaxation period is a reversal of the process of contraction' — not a 
mere pulling out of the muscle due to gravity or some other physical cause 
It, therefore, involves activity contingent on definite chemical or physico 
chemical changes within the muscle cell, and these changes maj be just the 
reverse of those involved in contraction The time required for relaxation 
during a muscle twitch depends on a number of factors, in a fullv rested 
gastrocnemius muscle of the frog it is about o 04 -f- sec 

This results in a total of o 1 sec for the latent, contraction, and rclaxa 
tion periods of the frog gastrocnemius (compare this with 007 sec for 
rabbit striated muscle, 1 o sec for terrapin striated muscle and 1000 see 
for mammalian involuntary muscle) Complete contraction varies con 
siderably in muscles of different animals and in different muscles of the 
same organism As mentioned previous!), the response of smooth musck 
to stimulation is extremely slow compared with that of striated muscle 

Very little research has been done on muscle ph)Siolog) in the mverte 
brates, but, in general, big differences occur in contractions of muscles in 
one group of invertebrates to those of another group In one of the echino- 
derms, the sea cucumber, the contraction of a muscle lasts 3 see , whereas 
the muscles involved 111 the movement of the wing of a wasp require onl) 

5 millisec or o 005 sec , for contraction 

EFFECT OF TEMPERATURE UPON MUSCLE CONTRACTION 

Both the extent and duration of contraction are affected by tempera 
lure Its effect is not the same in ever) case, however, if a frog gastroc 
nemius muscle is stimulated to contract within a temperature limit of o to 
37 degrees C, it is found that the height of contraction increases as the 
temperature increases from o degrees C (where very little, if anj, coirtrac 
tion occurs, since muscle loses its imtabibtv at this temperature) to a maxi 
mum at 5 to 9 degrees C Above this temperature the contractions dc 
crease somewhat between 15 and 18 degrees C With further increase 
m temperature, the contractions again increase in extent to another maxi 
mum between z6 and 30 degrees C, tlicv then decrease npidlj up to 37 
degrees C , at which temperature imtibihtv is almost lost Above .p to 
decrees C in the frog muscle, and j[j degrees C 111 muscles of se-unl blooded 
animals heal t.gor sets in Hie muscle ts dead that is heat rigor o, rigor 
colons is a permanent change caused b> coagulation of pratem matcral m 
the muscle 
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cle, that is, upon stimulation, the muscle fiber contracts maximally or not 
at all In their investigations, these men obsened and photographed the 
movement of a droplet of mercury placed on a contracting fiber They 
noted that, as the stimulus is gradually increased m intensity, the fiber con 
tmues to contract to the same ex 
tent up to the point where the in 
tensity is sufficiently great to cross 
over to a second fiber, causing it 
to contract along with the first 
This results in several contrac 
hons at a new le\el until finalh 
the intensity is sufficiently great 
to affect a third fiber When the 
intensity is decreased the contrac 
hons decrease through the same 
senes of steps More recent 
work has shown that when the 
limiting factor of conduction 
through the fiber is eliminated 
bv using fiber length electrodes 
for stimulation a graded response 
(contraction) may be obtained 
with graded intensities Because 
of these findings, the suggestion 
has been made that the muscle 
fiber does not alwavs follow the 
all or none law unless the impulse arrives through proper channels, that 
is, by way of the nerve and the junction between the nerve and muscle 
(myoneural junction or muscle end plate) It is true that ordinarily and 
normally the end plate is the structure which enables the muscle fiber to 
accept the impulses coming to it However there have been instances 
where the muscle end plate has completely degenerated and disappeared 
yet the fibers of the muscle continue to show a propagated response as de- 
scribed above (that is thev follow the all or none law ) 

The contractile process as it is understood todav, evidently does not 
always follow the all-or none principle but the fact that it appears to do so 
under normal circumstances suggests the myoneural junction as the con 
trolling mechanism The intensity of the impulse that crosses over this 
junction is apparently alwavs the same and hcncc, governs the extent of 
contraction 



FIGURE 5J 


Myoneural junctions cr muscle end 
plates 
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applied safely This phenomenon is the basis for the all or none law, the 
heart gives a maximal contraction to a stimulus or else it does not contract 
at all Some physiologists consider that the vertebrate heart functions as 
a single but complex cell jn the same way that a single striated fiber operates 
as a single cell, although the latter has many nuclei 
It has long been known that striated muscle is made up of large numbers 
of fibers or cells, some investigators have succeeded in separating from the 
whole muscle, minute parts, consisting of only a few fibers When these 
few fibers are stimulated, the) do not show a smoothly graded increase in 
contraction corresponding to the gradual increase m the stimulus, but ex 
hibit abrupt jumps from one level to another Figure 50 illustrates well 
the principle of the all or none law Pratt and Eisenberger, who reported 
this work in 1919 devised a technique b) means of which a response m a 
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as contracture The muscle tends to stay m what appears to be a contracted 
condition However, it soon fatigues, and finally fails to contract at all 
The awkwardness and poor control of a fatigued human muscle are owing 
partly to fatigue contracture Coldness also results m contracture very 
similar to that caused bj fatigue This is quite noticeable when an attempt 
is made to write in a warm room after the hands ha\e been subjected to ex 
treme cold, it is not so difficult to contract the muscles used m writing but 
relaxation proceeds at a very slow rate If a frog is injected with a solu 
tion of the drug \ era trine, its mo\ ements soon become clumsy Close ex 
animation of the animal shows that the muscles may be contracted nor 
mall), but relaxation proceeds very slowlv This contracture can be ob- 
served if a muscle is isolated and studied in the usual wa>, evidently, it is 
not the result of continuation of impulses coming from the nerve 


FATIGUE 

In fatigue, it appears as though muscles use up their immediate supply 
of fuel (glycogen) or that the waste products which hare collected during 
contraction in some way cause the muscles to fatigue 11 ' 

of these factors add to the process but this evidently is not the _who1e story 
It has been shown, for example, that when a muse e is cause o c 
until fatigued, by stimulation with direct current, it will “> nt,nu " t0 
tact ,f the current is reversed Perhaps changes m t be P^ c “ " 
state of the muscle are more directly responsible ”S 
that the accumulation of waste products is not the only factor rn the 
of fatigue 

SUMMATION AND TETANUS 

The phenomenon brown as summation plays an important iota m ™ 
cular morement If two subnnnnnal st.m.d. are appl. d ^ ^ Qn 

mimediately following the other, the muscle " h „ hen , second 

application of the first submmimal stimu u submmimal sll muli 

subnnnnnal stimulus is applied (or possi c]ear that an effect is 

ma y be necessary before the response ° ccmS ' brought about b) one 

ln duced by two or more stimuli which cann added to or super 

stimulus alone The action of the secon see sum , nation of stimuli, 

uuposed on that of the first This effect ishnovwias 
a Phenomenon characteristic of all excita e anc j j OCO niotion, arc 

Human muscular contractions as use in m . contractions of mus 
n °t» as the discussion so far might imp }, mer natl0n 0 f a number of 
■*«. which last only a short time, but are a summation 
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Since muscle fibers normally follow the all or none principle, it is postu 
lated that when a muscle contracts greatly, a much larger number of fibers 
are contracting than when the muscle gives a w eah contraction In other 
words, the extent of whole muscle contraction depends upon the number 
of fibers contracting The fibers that do contract, however, are doing so 
to their greatest extent 


TREPPE OR STAIRCASE PHENOMENON AND CONTRACTURE 
It has been found that the maximal contraction of the muscle fiber is not 
always of the same magnitude In fact there is u snail) a graded response 
to the first several stimuli applied to a rested muscle to which the term 
treppe is given If a freshl) excised muscle is made to contract by a sue 
cession of stimuli, all of the same intensity, there is a gradual increase in the 
extent of the contraction up to a maximum Because of the appearance 
this phenomenon produces-wlien recorded on a slowly moving kymograph 
drum, the name 'Treppe (from the German word for staircase) has been 
applied to it It ma) be the result of increase in heat or of increase m the 
hydrogen ion concentration or of other chemical changes brought about 
by the first contractions It should be noted that tension (stretch) also 
is associated with the magnitude of contraction 
Figure 52 shows a record, made on a slowly moving kymograph drum, 


TREPPE 



l SI CONTRACTURE £- D CONTRACTURE 

FIGURE 52 


Treppe and contracture The stimuli were gi\en at the rate of about 1 per second and 
the muscle contractions recorded on a slow I) mm tag drum 


of a muscle responding to maximal sfimuir applied at the rate of too per 
second Since the muscle was a fresh one, the Treppe phenomenon males 
Its appearance during the first few contractions If stimulation of the 
muscle rs continued, it contracts fulls for some time but soon the tendenej 
to relax ,n the contracting muscle gradually diminishes Tim ,s known 
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The fact that the muscle during complete tetanus responds to each im 
pulse that conics to it can be demonstrated by observing the passage of 
the impulse { action current ) along with the tetanized muscle There is 
an action current (page 84) for each stimulus even in the absence of a 
visible contraction 

If approximate!) 16 stimuli per second are applied to a frog gistrocne 
mius muscle, the contractions arc fused as illustrated in the figure With 
less than 16 stimuli per second a gradation of responses is obtained and 



a s c ole 


FIGURE 54 

Development of tetanus A muscle contracts and relaxes completely B C and D 
incomplete tetanus E complete tetanus The number of stimuli applied per unit time 
arc indicated 

if a stimulus is given every one or two seconds, there is no fusion of contrac 
tions 

The number of stimuli needed in unit time to produce tetanus vary 
considerably depending on the animal and the muscle Tetanus is diffi 
cult to produce in insect wing muscles it mav take several hundred stimuli 
per second In the cat, it tabes about 30 per second for the soleus muscle 
and 100 per second for the gastrocnemius 

It has long been known that in human muscle the contractions are mainl) 
tetanic in character Early evidence for this assumption was presented 
in 1810 by Wallaston, who actually listened to the tone produced bj con 
tractions of his muscles He accomplished this b\ introducing one finger 
into the ear and then forcibly contracting the muscles of the arm he could 
hear a dull murmur and concluded that the sound corresponds to a fre 
quenev that oscillates between 14 to 15 per second at the minimum and 
1 35 to 36 maximum 

Helmholtz 11864) also investigated the subject of muscle sound He 
noted tint during the dead of night if the masseters or chewing muscles 
are forcibl) contracted at the same time the auditors meatuses arc closed 
a murmur is heard that lasts as long as the contraction He stated that the 
tone corresponds to 36 to 40 vibrations when the masseters arc forcibl) 





74 


STRUCTURE \ND MOVEMENT 
contractions In fact all the voluntary muscle contractions that occur in 
the body are prolonged contractions as compared with a single muscle 
twitch In other words along with summation of stimuli in muscle 
studies, there is a phenomenon known as summation of contraction If 
an isolated muscle is stimulated so that it contracts and if immediately 
after the refractory period, it is again stimulated, a further contraction takes 


.SUMMATION 



A B 

FIGURE 53 

Summation of contraction in the frogs gastrocnemius muscle A single stimulation 
B double stimulation the second stimulus given about 006 sec after the first Note 
that the second contraction is greater in extent than the first 


place which may be partially or completely superimposed upon the other 
The stimuli may be given in such rapid succession that the responses arc 
fused to produce a sustained contraction Tins type of sustained response 
is referred to as tetanus and the stimulus that produces it as tetanic stimula 


non 

Volta (1792) discovered the fact that frequently repeated stimuli were 
able to produce sustained contraction in muscle and Matteuccj (1838) 
first called this state of contraction tetanus The different contractions 
cannol be distinguished unless tetanus is incomplete in uluch case (In 
tendency of the muscle to relay between each stimulus is quite noticeable 
Incomplete tetanus may occur if too few stimuli are rccciscd by the muscle 
That is summation may occur but there is no complete fusion between 


contractions 
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the first to the second point on the muscle In this case the distance be 
tween the two le\ers was 15 mm, so that the wave traveled 15 mm per 
o 03 sec (about Y. meter per second) 



FIGURE 56 

Determination of the speed of the contraction wave Two records 
obtained from the same muscle with a single stimulus (arrangement 
as illustrated in Figure 55 with levers 15 mm apart) A movement 
of lever nearest point of stimulus B movement of lever 15 mm from 
first C tuning fork record 100 vibrations per second 

The progress of the wave may vary greatly, depending on the strength 
of stimulus state of excitability, extent of fatigue, and temperature 

TONUS 

In the living organism whole skeletal muscles are seldom completely 
relaxed but exhibit tonus which has been defined as the continued action 
of muscle, it is a partially sustained contraction 

If a decapitated frog is suspended from a muscle clamp and if the nerve 
leading to the leg is cut on one side, the two hind limbs assume different 
positions The leg of the side on which the plexus was cut hangs limply 
and fullv extended but the leg on the opposite side, where the nerves are 
intact is slightly contracted because of tonus The word tone signifies 
a persistent rather moderate degree of activity 

In mammals, as well as in many other groups, the muscles concerned 
with posture are good examples of skeletal muscles which exhibit tonus 
I he striated muscles of wild animals must be held in a ready condition 
by their partial contraction or tonus Actually, one of the best examples 
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closed The vibration presumably corresponds to the number of impulses 
that reach the muscle per second 

VOLUME OF MUSCLE DURING CONTRACTION 
In early muscle investigations, it was believed by some that the muscle 
during contraction actually increased in v olume Howev er, this is a fallacy, 
muscles do not increase in volume at all during contraction As a matter 
of fact, it has been shown more recently that there is a ver> slight decrease 
in muscle volume, the muscle losing approximately 1/20,000 of its weight 

CONTRACTION WAVE 

If a muscle is stimulated artificially the contraction spreads over the 
muscle from the point of stimulation The rate of propagation or passage 
of the contraction wave can be measured bj placing the arms of heart levers 
(Figure 55) at two different points on a muscle and then stimulating at 



FIGURE 55 

Arrangement of the heart lexers on a gastrocnemius muscle in studies 
on the propagation of the contraction wave o\cr the muscle A 
gastrocnemius muscle B heart lexers bent in such 3 wax that one 
celluloid writing point is just beneath the other C blocL of wood 
for holding muscle- D wires leading from an inductorium and con 
nectcd to the pms which pass through the muscle into the wood and 
then act as electrodes for stimulating the muscle (I rom Pace md 
Riedsel Laboratory Manual for Vertebrate P/nsiology ) 


’ one end The accompamrng Tign.c 56 gnes such 1 record b) means of 

"’■nlcteond r u ne C rn« about 003 sec after the commencement of the 
first am c Therefore the ssm e of contract, on tool o 03 see to pass from 
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as a dog, yet the pressure in the stomach returns almost immediately to its 
original level because of the change in tonus in the muscles of the stomach 
wall The same adaptation occurs when food is introduced into the stom 
ach, the length of the muscle changes as the cavit) fills, and the pressure 
therefore remains the same Ultimately, the pressure does increase and 
may be associated with peristaltic waves which aid in forcing out the con 
tents The uterus during pregnancj is another excellent example of tonic 
contraction As the embryo and fetus develop, the size of the uterus in 
creases without pressure change until parturition (child birth) The in 
crease in size is owing to loss of tonus and increase in size of muscle 
cells 


MECHANISM OF TONUS 

The actual mechanism of true tonus is not understood An early sug 
gestion was that some sort of a 4 catch mechanism” might be present so 
that once the contraction is made it sta\s m the contracted state with \ery 
little expenditure of energy 

Bayliss (1920) suggested the principle of the catch mechanism which is 
represented by the structure shown in Figure 57 The teeth glide over 



FIGURE 57 

Diagrammatic representation of the so-called ‘catch mechanism 
theory of tonus according to Bayhss Energy is required to move 
the two structures but once the) reach a certain position they mav 
be held there without any further expenditure of energ) Energ) is 
required to separate the two bloebs and return them to their normal 
position Muscle supposedly develops tonus and maintains it with 
out much loss in energy because of a unique configuration within the 
molecules that tends to hold it in a partial!) sustained contraction 


one another if pulled in one direction but in the opposite direction they 
will catch and hold until energy is applied to release them An attempt 
has been made to applv such an explanation to the mechanism of muscle 
tonus 

The ‘colloid thcorv ’ of tonus has been advanced also and might account 
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of tonus that can be found is in the partially contracted state of smooth 
muscles 

Tonus differs from tetanus in several ways, (1) the contraction is usual!) 
only partially sustained, (2) oxygen consumption is very low, (3) contrac 
tion is maintained indefinite!} without apparent fatigue, (<j) action currents 
are not so noticeable m tonus 


TONUS IN INVERTEBRATES 

Tonus is well exemplified in the muscles of invertebrates such as the 
mollusks The muscles of some bivalves (clams, Pecten, and the like) 
consist of two types, striated and smootli The striated muscles act at 
about the same speed as the frog gastrocnemius muscle, and are used for 
sudden, rapid closure of the shell and (in Pecten) for flapping the valves 
thus producing movement through the water On the other hand, smooth 
muscle fibers are very slow in their action and sometimes maintain tension 
for long periods of time They may tale from 30 sec to 60 nun to relax 
Certain features of tonus m smooth muscles of mollusks and in vertebrate 
smooth muscle are somewhat similar but the tensions reached m those of 
the former are very much greater 

A clam can be held out of water for several days with a heavy weight at 
tached to the shell, >et still remain closed It has been calculated that 
if these contractions were similar to tetanic contractions the clam would 
need so much material for fuel that it would take at least an amount of 
glycogen nine times greater than the dr) weight of the clam itself to main 
tain the tonic contraction During the actual shortening process when 
the clam is closing its shell, relatively large quantities of cncrg) are needed 
(this evidently involves the contraction of the stnated fibers) but once the 
shortened state is reached, it is maintained without effort and with a mini 
mum expenditure of energ) 

TONUS IN SMOOTH MUSCLE OF MAMMALS 
In the case of mammals, excellent examples of tonus are furnished b) 
the smooth muscles of the stomach, intestines, urinary bladder, walls of 
the arteries, and other OTgans Tonic adaptation is a characteristic and 
muscle 

alter its tome condition readilj, it rnaj cxn 
d the next at another, jet with equal degree 
the pressure m the urmarj bladder nu) I* 
consist of 50 or 150 cc of urine Likewise 
forced into the stomach of an animal sue!) 


important property of smooth 
Because smooth muscle can 
one moment at one length, an 
of tension Tor this reason, 
the same whether its contents 
4 00 to 600 cc of Stater can be 
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as a dog, yet the pressure m the stomach returns almost immediately to its 
original le\el because of the change in tonus in the muscles of the stomach 
wall The same adaptation occurs when food is introduced into the stom 
ach, the length of the muscle changes as the cavity fills, and the pressure 
therefore remains the same Ultimately, the pressure does increase and 
may be associated with peristaltic \va\es which aid in forcing out the con 
tents The uterus during pregnancy is another excellent example of tonic 
contraction As the embryo and fetus deielop the size of the uterus in 
creases without pressure change until parturition (child birth) The in 
crease m size is owing to loss of tonus and increase in size of muscle 
cells 


MECHANISM OF TONUS 

The actual mechanism of true tonus is not understood An early sug 
gestion was that some sort of a catch mechanism ' might be present so 
that once the contraction is made it sta\s in the contracted state with \ery 
little expenditure of energj 

Bayliss (1920) suggested the principle of the catch mechanism which is 
represented by the structure shown in Figure 57 The teeth glide over 



FIGURE 57 

Diagrammatic representation of the so called catch mechanism 
theory of tonus according to Bajliss Energy is required to move 
the two structures but once the) reach a certain position thev mas 
be held there without an) further expenditure of energy Energy is 
required to separate the two blocks and return them to their normal 
position Muscle supposedly dc\ elops tonus and maintains it with 
out much loss in energy because of a unique configuration within the 
molecules that tends to hold it in a partiall) sustained contraction 


one another if pulled in one direction but in the opposite direction the) 
will catch and hold until energy is applied to release them An attempt 
has been made to applv such an explanation to the mechanism of muscle 
tonus 

The 4 colloid thcorx of tonus has been idswnccd also and might account 
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for something related to a so called “catch mechanism” m muscle, that is, 
the contracted and relaxed states differ entirely in colloidal structure Dur 
mg contraction the colloidal state of the muscle changes, which requires 
considerable energy, and the new structure is held /or some time, with a 
minimum energy requirement 

Another theory implies that in tonus of vertebrate smooth muscle on)) 
a small number of libers are active at any one time and, when fatigue lowers 
their excitability, thej relax, causing adjacent fibers to stretch The most 
excitable of these may contract (the most excitable would be those which 
have rested for the longest period) The muscle is supposedl) held in 
tonus by constant repetition of this procedure This would be a degree 
of tetanus, however, and if this were the case, it is certain that more energ) 
would be utilized than can be accounted for in the occurrence of tonus 
A satisfactory solution of the tonus problem is jet to be found 


MICROSCOPIC STRUCTURE OF MUSCLE FIBER AND FIBRIL 
The gross structure of the striated muscle fiber has already been desenbed 
briefly, but in order to understand the action of muscle and the processes 
involved in that action, it is desirable to have a greater knowledge of the 
microscopic structure of the fiber The cross stnations or bands of the 


muscle cell are readilv seen under high power, the light bands alternating 
with the dark The light bands are sometimes referred to as isotropic and 
the dark, anisotropic (or birefnngent) bands These terms have been ap 
plied because the light bands, when viewed during exposure to polarized 
light (light which passes through crossed Nicol prisms), appear dark and tin 
dark bands appear light, the) arc singly and doubly refracting, respective!) 
It was once thought that the whole muscle cell was anisotropic, but subse- 
quent close examination with improved microscopic technique revealed 
otherwise The dark or anisotropic substance appears to fill the muscle 
fiber during the contracted state winch mav have given rise to the false 
impression that the whole muscle was donbh refracting If muscle fibers 
arc fixed (killed quickh ) in absolute alcohol or osmic acid solutions, fhev 


may be caught in various degrees of contnction 
Upon observing these fibers under the microscope, Engchnann (187S) 
came to the conclusion that the anisotropic substance swells during con 
traction, whereas the isotropic substance decreases in volume He mam 
tamed that the anisotropic substance subtracts water from flic isotropic 
Other scientists late came to the same conclusion In T, 5,11c 59. .t urn 
be noted (in fibrils of insect muscles) lint the substance of the dim hind 


swells and migrates 
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Upon closer observation of the fiber, the muscle fibrils ( myofibrils ) can 
be seen, especially if the fiber is torn a bit and teased with a dissecting 
needle The cross stnations are also found in the 
fibrils A protein, myosin, is the chief but not the 
only constituent of the fibnl It maj function in 
the formation of protein fibers, the arrangement of 
which may be responsible for the actual shorten 
mg A diagram of a muscle fibril is shown m Fig 
ure 58 



FIGURE 58 

Diagram of an electron 
micrograph of a simple 
rmofibnl 


Structure of Sarcomeres 

The fibril is dmded into dischhe structures 
called sarcomeres, in the center of which is located 
a dim band The division is made by a double 
membrane, Krause’s membrane (Z disc), which is 
continuous across the whole fiber and appears to 
bisect the light or clear substance In other u ords, 
the fibril maj be loohed upon as a succession of seg 
ments or sarcomeres (the actual units of muscle 
structure), and the contraction of the fibnl as the 
sum of the contractions of the sarcomeres The 
contraction of the fiber, in turn, is therefore the sum of the contractions of 
the fibrils, and the contraction of the muscle, the sum of the contraction of 
all the activ e fibers 

Because of the arrangement of the sarcomere, it has been suggested that 
the term “stratified” be applied to this type of muscle instead of “striated " 

The sarcomere contains mans different types of substances, both colloid 
and crystalloid The crystalloids are cluefh potassium chloride and potas 
snim phosphate which are found for the most part in the dim band, or Q 
disc, as it is sometimes called NaturalH there arc mam proteins and 
carbohydrates, and on close observation granules can be seen which arc 
probablv lipoid in nature They mav function as reserve foodstuffs 


Change* in Fibrils and Sarcomeres during Contraction 

It was noted pres lously that if muscles arc suddcnls fined m solutions 
of alcohol or osnuc acid, the fibers may be caught in various degrees of 
contraction As indicated in the figure of an insect striated muscle; the 
dim or anisotropic substance appears to fill the sarcomere in the completely 
contracted fiber This is not the case, smcc by stretching the fiber it can 
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be seen that the light substance still remains, although its volume has de 
creased considerably 

During contraction in muscle fibrils (or sarcomeres of fibrils) the follow 
mg changes take place The dim or anisotropic substance divides, one half 
migrating to one end of the sarcomere and the other half to the opposite 
end In the meantime, the sarcomere is shortening and broadening (Fig 
ure (So) The dark substance increases m volume but it is not known for 
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FIBRIL STRETCHED 
WH LE CONTRACTED 

FIGURE 59 

Diagram of muscle fibril of an insect 
illustrating the increase in volume and 
movement of the dim substance when 
a fibril contracts (after Schafer) S 
sarcomere, K, Krauses membrane 


FULLY 
CONTRACTED 

FIGURE 60 

Diagrams of muscle fibril illustrating 
the change in the sarcomere during con 
friction The b section and migration 
as well as increase in the volume of the 
dim substance arc indicated S sarco 
mere 



certain whether or not it does so at the expense of the sarcoplasm surround 
mg the fibril or at the expense of the hght substance in the sarcomere, pos 
sibly the latter 


THE ACTION CURRENT OF MUSCLE AND NERVE 
The excitaton and conductile processes (reception and action currents) 
,n muscle end nerve arc ver) srmrtar and lor tins reason 11, a n.0 be con 
sidered m relat.on to both structures Jl. when a nerve or muscle is stun 
Ited electrodes from a galvanometer (an mstrumeut for mean, nog 
mnutc electrical charges) are placed at a pos, t, on bevond the pent of 
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stimulation, a current can be detected running along the tissue This is 
called the action current and is produced by a difference of potential at 
the surface of the nerve or muscle The discover) of the existence of such 
a current is credited to Galvani (1786), who noticed that an electric cur 
rent was produced when two different metals were brought in contact with 
the nerve or muscle of a frog 

The story is sometimes told that Galvani was buying some special daintv 
for his sick wife at a butcher shop He noticed that the frog legs, hanging 
on copper hooks attached to an iron bar contracted ever) time a gust of 
wind entered the shop and caused them to swing against the iron bar In 
other words every time the muscles came into contact with the bar, the) 
contracted He concluded that the muscles of the frog were charged as 
is a Leyden jar, with an external negative and an internal positive charge 
He assumed that since there was contact between the two metals (copper 
md iron) every time the muscle closed the circuit by swinging against the 
iron bar, a current was produced which caused the contraction It was 
suggested however that Galvani s interpretation was incorrect since a 
circuit would be produced by the two different metals m any case In 
other words although the current produced was not owing to any action 
current or action potential of the muscle or nerve Galvani believed that 
this was the case Thus his interpretation of the results was erroneous 
but the conclusions which he drew from these results and interpretations 
were correct Bernstein (1871) was the first to show that there is a ver) 
close relationship between the clectricil and the mechanical response but 
it was not until 1926 that Hilton proved definitel) that the elcctncal re 
sponse of all excitable tissues just precedes the mechanical response 

THE ACTION CURRENT AND THE IMPULSE 

The electrical response mentioned above is the same as the impulse or 
action current Figure 61 a record taken from Tultons report on the 
electrical and mechanical response of the gastrocnemius muscle of the frog 
shows the relationship between the action current and the impulse A 
single induction shock was applied to the muscle and then a short time 
later this was followed b\ a rapid succession of six shocks (or stimuli) 
These stimuli arc recorded in such a wav as to show their relation to the 
mechanical response A contraction obtained with a single stimulus is 
much weaker than the short tetanic contraction obtained with si\ shocks 
In the latter case the stimuli arc quite separate and distinct but the contrac 
lions arc fused It is apparent that the electrical response precedes the con 
traction of the muscle the former is just about completed before the latter 



STRUCTURE and movement 
begins This, of course, is fairly good evidence that the current and the 
impulse are one and the same and are now regarded as such 



Illustrating the relation bctucen the mechanical response (con 
traction) and the electrical response of a frog s gastrocnemius 
muscle The clectncil response (impulse) follows stimula 
tion and just precedes the contraction (after Tulton) 

ANIMAL ELECTRICITY 

Some animals have taken advantage of the ability of their tissues (espe 
cially muscle and nerve) to produce an electrical current and use it for 
other purposes aside from its use in muscle contraction or nerve conrfuc 
Non Special electric organs are found in certain species of fish which can 
produce electric currents with dectromotnc forces that mav become as 
high as several hundred volts Thcj use these structures for warding off 
enemies or for stunning pre) The c/ectnc organs arc made up of modi 
fied, striated muscle cells which can cudcntlj store up electrical cnergv, 
in the same manner as docs a storage bitter), and release it when ncccssarj 
The nerve trunks that lead to these modified muscles are enormous and 
rtiaj bean indication of the method h) which charges arc bndl up within 
these organisms 


THE DIPHASIC RESPONSE 

If the electrodes (nonpolarizablc) of a galvanometer are pheed upon 
3 n uninjured nersc or muscle, lire actroncuttcirt 'silt he recorded In <hc 
instrument as a drpfursrc response (actrralli i mmcrncut of flic grlnrwm 
cter needle first to one direction, then in another) 'lire moi emails of 
the eall-arromcfcr .ndicato, ore such that on reproducm? Dior. S«P >»' ' 
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negative response m relation to the other electrode, there appears to be 
a short period of inactivity when no current can be detected This is owing 
to the arrangement of the electrodes, it tales a fraction of a second for 
the action current to pass over to the second electrode which is affected 
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FIGURE 62 

Illustrating the detection of the 
action current of muscle or nerve 
by means of a gahanometer 
which registers it as a diphasic 
wave that is the movement of 
the galvanometer needle to the 
left when the action current 
(a c ) passes under the left lead 
off electrode is registered as an 
upright curve while the move 
ment of the needle to the nght 
when the current reaches the 
right electrode is registered as an 
inverted curve A stimulus is 
applied to nerve. or muscle B 
the negative (or neutral) action 
current has reached the first elec 
tiodc C the action current has 
passed b) the first electrode and 
the curve dropped back to zero 
D action current has reached sec 
ond electrode curve or wave is in 
dicated as being inverted E ac 
lion current bis passed second 
electrode At zero potential dif 
fcrencc the charges on the lead 
off electrodes arc the same there 
fore no difference is registered 


and to cause tlic galvanometer indicator to more to the opposite side of 
the zero point 

CURRENT OF INJURT AND THE MONOFHASJC RESPONSE 
When tissues arc injured a negative potential called the current of in/ui} 
is alvvavs produced at the point of injim Actualh, tins difference may 
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phenomenon, In own as electrotonus, is explained by the charges that ac 
cumulate at the two poles when a current passes through the living tissue, 
it is the altered physiological condition (a polarization) of the nerve or 
muscle at the poles The condition at the anode is known as anelectro 
tonus and that at the cathode, as calelectrotonus 
If a current, too weak to stimulate, be applied to a nerve or muscle, it is 
found that there is an increase in positive charges at the anode (the posi 
live pole) and m negative charges at the cathode (the negative pole) 

ADDITIONAL READING 

Houssay, B A , Human Physiology (McGraw Hill 1951), chs 67,68 Excita 
tion and contraction of muscle 
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Tlie Chemistry of Muscle Contraction 


Muscle is a tissue which can transform chemical energy into the mechani 
cal energy necessary for contraction The heat production and the chemi 
cal processes involved in this conversion of energy are so closely linked that 
they necessarily must be considered at the same time 
The history of the development of knowledge concerned with the energy 
relationships within muscle is a very interesting one, and it may be added, 
that much of the information necessary to describe adequately all of the 
functions which occur is still lacking The present discussion is concerned 
only with some of the more salient discoveries and their relation to each 
other It is essential first however, that one is made familiar with the type 
of chemical substances which will be considered m the study of muscle con 
traction 


CONSTITUENTS OF MUSCLE 

The chief constituents of muscle are as follows 

1 Water the most abundant constituent of muscle, makes up about 75 
per cent of its mass Certainly not all of this water is present in the same 
form some of it may be lost without disrupting the general nature of the 
protoplasm A greater portion of the water of the muscle, however, is in 
some way so mtunatelj associated with other molecular constituents, that 
if it is lost, then death of the tissues may very well result 

2 Proteins, of which there are several types — mjosm, ictin, mjogen, and 
muscle hemoglobin (nijoglobm) to mention a few — make up about 20 per 
cent of the muscle According to present day thinking the proteins, mjo- 
sin and actin are of great importance in the contraction process, and their 
coexistence is a prerequisite for proper function The mjosin molecule 
appears to be aligned with its long axis parallel to that of the fibril, and 
possibty in greater concentration within the anisotropic substance of the 
dark band Mjogen is of much lesser viscosity than mjosin, and occurs in 
the sarcoplasm The function of muscle hcmo-globin is discussed lata 
(p 3 gc 100) 

- Carbohydrates mav account for as much is 1x3 per cent of the muscle 
weight The most important carboiiul/ilc is gljcogcn nlncli is denied 
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from glucose of the blood and stored as fuel for muscle contraction It 
was disco\ered bj Claude Bernard during the middle of the nineteenth 
century 

4 rats van considerably and arc found chief!) in the connective tissue 
of the muscle framework although some cholesterol and phospholipids 
mi) be found in the muscle fibers 

5 Nitrogenous extracts es maj be present as the end products of metab- 
olism or as substances very essential for contraction these substances are 
discussed in detail liter (pige 94) 

6 Non nitrogenous extractives such as lactic acid and inosite, are also 
present, their concentrations var)ing considerabl) 

7 Engines m rcaht) are proteins but, because of the known specificity 
of their action the) arc considered separate!) 

8 Inorganic salts such as those of calcium magnesium potassium and 
sodium which arc quite essential for the activity of the muscle enzymes 
are present in much lesser quantities 

POSSIBLE ROLE OF OXYGEN IN CONTRACTION PROCESSES 

Many theories have been advanced from time to time to explain the 
source of energy for muscle contraction 

The work of Hetcher (1902) stands out as one of the earliest contnbu 
tions to progress toward our present understanding of the proper energy 
relationships He discovered that a muscle could do work in the total 
absence of ox)gen at the expense of energy stored within the tissue Rec 
ords obtained by repeating Fletcher s experiments are presented m Figure 
64 He showed that no foodstuffs were oxidized in the direct production 
of energy for contraction that is when he placed an excised frog muscle 
in nitrogen and repeatedly stimulated it the muscle contracted and con 
turned to do so for some time before signs of fatigue appeared However 
the muscle can contract for a longer period in the presence of oxvgen and 
Will recover quite significantly if it is rested for at least 5 nun before being 
stimulated again Tins is not true for the muscle that is exposed to pure 
nitrogen even after long periods of rest a second senes of contractions could 
not be affected after the initial fatigue 

It was thus shown that oxygen is not essential for the contraction of 
muscle but rather for its recovery Lactic acid which forms during con 
traction disappears only m the presence of oxygen It was known long 
before Fletcher s discovery that an isolated muscle which has been contract 
ing for some time has a decidedly acid reaction It was known also that 
lactic acid is produced in a muscle during rigor mortis It was not until 
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FIGURE 64 

A repetition of Fletchers experiment A contractions of frog gastrocnemius muscle 
when exposed to oxygen After fatigue it was alloved to rest and was then stimulated 
again at a b and c after a lomn ite rest period partial recovery is evident B con 
traction of frog muscle placed in pure nitrogen There is only part al rccos ery folio vrng 
first 10 mini te rest per od and no recover) thereafter 

1907 however that Tlctcher and Hopkins first observed the production of 
lactic acid during the normal contraction of muscle Tor years this chemi 
cal process resulting in the formation of lactic acid w as the only one that 
could be demonstrated during contraction of muscle These two men 
were also the first to suggest that since lactic acid disappears in the pres 
cnee of ox) gen it must be resynthesized into its precursor glycogen their 
evidence for this theory was not sufficient however 

OXYGEN DEBT AND LACTIC ACID FORMATION 
The fact that the body has the ability to incur oxygen debt makes pos 
siblc large productions of energy such as arc needed for exercise 
In the earlier work on muscle one of the first changes to be noted during 
contraction was utilization of oxygen Oxidation is the most pronounced 
of all the chemical processes in muscle An adequate supply of oxygen 
is essential if the muscle is to continue its contractions over a long period 
of time It has alrcadv been pointed out that muscle can be caused to 
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contract for short periods in the absence of oxygen; that in its presence 
fatigue docs not appear so rapidly. Thus, oxygen is required for a recover)’ 
process which is continually recurring within the muscle, but which can- 
not proceed at a rate sufficient to keep up with the needs of the tissue dur- 
ing extended activity. During exercise, for example, the body does not 
take in sufficient oxygen to oxidize completely the glycogen necessary for 
the extra energy needed. As a result, the glycogen breaks down anaerobi- 
cally — releasing the energy required, but forming intermediary products, 
one of which is lactic acid which accumulates in the muscles until such 
time as sufficient oxygen is taken into the body to oxidize the acid com- 
pletely. This accumulation constitutes the oxygen debt which is paid off 
when the muscles cease contracting in exercise or work. A condition of 
partial or complete fatigue is said to exist, depending on the amount of 
lactic acid that has collected in the muscle. That this is at least partly 
true can be shown by suspending a frog muscle in Ringers solution and 
stimulating it to contract anaerobically several times per minute; there is 
\erv little accumulation of lactic acid, for there is sufficient time for it to 
diffuse into the solution. Under these conditions the muscle does not 
show fatigue until its glycogen has disappeared. During normal life activi- 
ties, the rate of work is usually slow enough so that the lactic acid is burned 
as rapidly as it forms, but during exercise the rate of formation is sufficiently 
rapid to cause this substance to collect. Thus a man who has been run- 
ning for several minutes will incun a considerable oxygen debt. The lactic 
acid which has been produced continues to be oxidized for a long time after 
the man has stopped running. If the muscles of the human body per- 
formed work in the same way that it is performed by a combustion engine, 
that is, only in proportion to the amount of oxygen supplied, even the 
mildest exercise could not be tolerated unless man possessed a heart and 
lungs sufficiently large to supply him with the needed oxygen. Since the 
muscles can go into oxygen debt, however, great contraction is thereby pos- 
sible. 


HEAT PRODUCTION IN MUSCLE 

Much of the earlier knowledge concerning the energy relationships in I 
muscle during activity may be attributed to the work of A. \ . Hill and the 
continuation of his studies and formulation of theories by Otto Meyerhof. 
Hill worked chiefly on heat production in muscle. He perfected the ■ ther- 
mopile so that it could be used with much greater preersron nr the detec- 
tion of heat changes in muscle during or after contraction The early type 
shown in Figure 6; was used for the gastrocnemius muscle of tire frog. 
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The temperature of a muscle is not raised more than a thousandth of a 
degree centigrade, with so slight a change an electrical method of measure 
ment is necessary The thermopiles which are used for this purpose are 
made of two wires of different metals Hill in his earlier type used iron 



FIGURE 65 

Type of thermop le used in the earl) work 
of A V If til The muscle comes into 
contact with the hot junctions of con 
stantan and iron wire Hie cold junc- 
t ons are on the outside The same prm 
cipe is still used m the more modern 
thermopiles 


and constantan wire but in the more modern types copper and constantan 
are employed The wires are joined at two places so as to have two junc 
tions the one to be used as the cold junction and the other as the hot 
junction The cold junction is held at a constant temperature below 
that which exists in the muscle while the hot junction touches the mus 
cle An increase in temperature at the hot junction results m a greater 
change in the potential difference between the two metals llus is re 
corded on the galvanometer 

Bv means of tins apparatus it has been found that there are two chief 
phases of beat production during muscle activity (i) initial heal and 
(2) delayed heat These two phases have been analyzed further so that 
the initial heat may be divided into (a) contraction heat which occurs 
during tension and (b) the relaxation heat, which begins during the re 
taxation period Both of these can occur in the absence of oxvgcn 

After the contraction is over, the dclaved beat males its appearance 
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Tins also appears in two phases (i) the delayed anaerobic heat which, 
along with the contraction and relaxation heats, appears m the absence of 
oxj gen, (b) the oxygen recovery heat is bj f3r the greatest of all These 
phases, with their relative values, are best expressed as follows 


Phase Relate c Value 

(initial heat — 100) 

1 Initial heat 100 

a Contraction heat 65 

b Relaxation heat 35 

2 Dchvcdhcat 12 4 

a Dclavcd anaerobic heat 8 

b Ox) gen recover) licit 116 


Since all of these heat phases coincide with chemical changes in the 
muscle, a pioper appreciation of the former prepares the way for a more 
thorough comprehension of the occurrence and time of occurrence, of the 
chemical processes during muscle contraction 


FORMATION AND DECOMPOSITION OF LACTIC ACID DURING CONTRACTION 
The fact that lactic acid forms during muscle contraction as the result 
of breakdown of glycogen lias proien b; Meierhof (1919) He observed 
that the glycogen content decreases as the lactic aci increases an 1a 
only a small amount of the lactic add is burned 111 his tests he found 
that approximately four fifths of the lactic acid is resynthesized to glucose 
(or glycogen) at the expense of energy produced by the oxidation of h 
remaining portion (approximately one fifth of the lactic acd) Thus the 
association of lactic acid accumulation and oxygen debt to muscle f t, gue 
may be explained on the basis that glycogen stores are not reestabhs 
so that activity could be continued ji. 

Glycogen is sometimes referred to as animal starch and 
made up of 1= to 15 molecules of simple sugar in contrast 
which > made up of =4 -.ore of these molecules C ^hydrate ,» 
stored in the body as glycogen Certain enzymes are capable of releasing 
the glucose ,n a solulfe form for bod, use which -cts iurti phosphonc 
acd ,n yanous combinations Finalh this h ^“ e P h 7 ha ' e ’ is aS . h , e he en ™ 
bination may be called is broken doyin into lactic acd ft ^he 
produced by this breakdown that Hill and “° 

dated with the mechanism directly concerned with «»'“t 

c * , . _„ r i. worker: that lactic acid was tormed during 

So certain were these early worker „ , ras tllollg ht that 

or instintlj preceding the contraction t 9 4 
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the greater mysteries concerned with the chemistry of muscle contraction 
were solved. It is now known that this early conception was incorrect. 
Even todav, investigators arc far from “closing the book” on this particular 
chapter. However, it is interesting to note the conclusions of these men, 
correct 3$ far as they have gone, which may be expressed and summarized 
as follows: 

Anaerobic Phase 

pWrW jl i~t 

GI) cogcn 


Aerobic Phase 

Lactic acid (one fifth of that produced) + O, CO, + 11,0 + cnerg) 

[Aids in the rc$)nthcs» of gh cogcn from lactic acid | 
Lactic acid (four fifths of that produced) * Gtjeogen 

None of the above reactions arc “explosive" enough to account for the 
rapid contraction that occurs almost mstantlv upon the reception of the 
impulse from the nerve filler. 1 'or a long time it was thought that hexose- 
phosplntc (often referred to as lactncidogcn) was a substance that could 
change cxplosn els, hut imm investigators doubted this. 'Hits doubt was 
soon substantiated when it was discovered that lactic acid docs not appear 
until after contraction Ivegms Therefore, the cncrgv produced bv its 
formation could not posvibU be that med directly in the mmdc for con 
traction The question was agrin raised as to uhat chemical change could 
produce cncrgv for the development of tension. 

THE 10 It OF tHOSFHAGEN IN CONTtACTlON 
In 19 : 7 . it was discovered tbit a substance, called phoj/ihagm. breaks 
down during muscle contraction to form creatine and phosphoric acid, 
winch materials can reunite to form the original compound Creatine is 
mctlnlgwarmbnc acetic acid which ts distributed m animal tissue and is 
cspcciallv abnndm! m vertebrate vitiates! muscle as phmphocicattnc or 
pbmphagcu Creatinine. a waste product of mmcJc metalwhvm am) an 
anbvdnde of ct crime, is a normal constituent of ir'ittc. 

lnvcrtcb'atc phosphagen consists of phosphoric acid ami strmtnc. which 
t s closclv relates!, chnmcalh. to erratme. In Ltt. some mmliritorv base 


Hcxoscpliosphatc v Lactic acid + lljPO, + energy 


{'Hus cnctgy was supposed to be used directly for contraction ( 
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suggested that, from an evolutionary point of view, creatine phosphate 
may ha\e been demed from arginine phosphate, but there is no satisfactory 
evidence for such a derivation The formulae of the hvo compounds are 
presented below 

O OH 

// / 

1 1 _N— C-NI1CI I s CH,Cl I,C 1 1 C-O-P^-OH 
NH N>l. 0 


o cm 

HN— C— NHCH.C— O— P— OH 

// w 

N1I O 


Creatine phosphate Argintne pl.ospl.ate 

The action of the two types of phosphagen are the same Generally 
speaking, phosphocreatine is usually associated tuth vertebrate and ar 
ginine phosphate with invertebrate muscle, but both are found in the mus 
cles of the primitive Chordata, such as the class E nterofineusta (Balanog 
lossus), and of the Echmodermata, such as the classes Echmoidea (sea 
urchins) and Oblmirotdea (sea cucumbeis) These primitive c or a es 
are more nearly related to the vertebrates than to invertebrates However, 
the fact that phosphagen in the form of phosphocreatine and arginine phos 
pliate is found ... both chordates and eclunoderms would suggest, of least 
physiologically in this respect, a close relationship ic ween ic 

and thus presents a clue to possible evolution , . T 

In i 93 o! Lundsgaard performing experiments on musete poisoned w 
mono lodoacetic L d proved that the muscle was capable o ■ c0 " lr = c ‘‘ « 
although lactic acid was 

^md rLtel^h the energy — 

the contraction A muscle exposed to mono 

on stimulation and may give as many as 90 twitches before gomg ; mto ngor 

It , interesting to not^that vvhi.e thc contraenons bst *ey are - 
■n relation to the latent period thedmat^ ^ ^ ^ no( apjbk of 

f tension and action cur , d a dl (f e ience was observed in 

doing as much work as a normal muse , afto „ ie mnsc ie vras 

the content of free creatine and P h ° s P h * fo t|]e conlra ct.on 

fatigued At first it would appear sl ® lt CO uld not be cor 

process originated from phosphagen b kd - ( llza[10n of Iactlc 

reel, resynthesized by energy derived from ^and could not recover 
acid, the muscle would fatigue at a m P « ^ doubt shll remained 
from fatigue during rest However, . nn -nt-m 

as to whether phosphagen furnished the contraction energv 
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SUMMARY OF PRESENT KNOWLEDGE OF AEROBIC PROCESSES IN MUSCLE 

The source of energy utilized directly in contraction is still uncertain, 
but, with the discovery of adenosine triphosphate in 1928, it was thought 
that a material might have been found which would have its energy avaiia 
ble in such a form that it could be furnished m great amounts instantane 
ously Adenosinetnphosphate (ATP) ma 5 release one molecule of phos 
phone acid to form adenosmediphosphate (ADP) and this substance m 
turn may break down further with the release of another molecule of phos 
phone acid and thus form adenylic acid The first two reactions furnish 
a great deal of energy, whereas the last one is much less efficient insofar 
as energy production 15 concerned The fact that adenylic acid is not 
found in muscles, except when they have been stimulated to complete 
exhaustion, indicates that under normal conditions we are concerned only 
with the breakdown of AT P 

If one were to extract the various materials which have been mentioned 
previously, and determine the potential heat energy which could be de 
rived from the reactions in their breakdown, the following would represent 
the energy which might be furnished by one gram of muscle tissue 


Reaction 


ATP — » ADP 4 - H s P 0 4 
Phosphagen — » Creatine + H 3 P 0 4 
Glycogen — > Lactic acid 
Lactic acid + 0 2 C 0 2 + H.O 


Potential Energy 
from 1 o Gram of 
Muscle Tissue 
004 calorics 
023 “ 

1 2 4 

30-60 “ 


From this it appears that ATP is the initial limiting source of energy, 
and, therefore, it must be resynthesized in order that the muscle may con 
tmue to function Thus, one may summarize the anaerobic processes that 
occur during the contraction of muscle as follows 


ATP ^ - ADP 4. H s P 0 4 + [energy for contraction] 
Phosphagen ^ Z^Creatinc + H a PQ 4 -f [energy for rcsynthcsisl 
Glycogen Lactic acid + [energy tor rcsyntlicsisj 


The reversibility of the last reaction due to the aerobic processes has al 
readv been discussed 

In r,gurc 66, a diagram is used to illustrate the cnergs relationships in 
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muscle contraction These resenoirs arc shown, each representing a form 
of energy . “A” is the energy produced by the breakdown of ATP, “B” that 
produced by phosphocreahnc, and 'C,” tint produced by gl>cogcn The 
energy that escapes from “A” actually starts and keeps the turbine moving 

FIGURE 66 

Schema for representing the 
cnergv relationships between 
the different processes occur 
ring in muscle during con 
traction (modified from 
Ltindsgaard) A, reservoir 
with direct supply of cn 
ergs (adenosine triphosphoric 
acid), B, energy (phospho 
crcitin) added to A when 
\al\e a is lowered, C, ultimate 
source of energy (carbohj 
dratc) flows into B when 
vahe b is lowered 



Tufbm 


(this is the energy produced by the splitting of ATP). The lever media 
msm „ so arranged tint rvl.cn the level m "A” has fallen a certain distance 
the valve between “A" and “B” opens and allows some of the contents from 
“B” to flow into “A” to make up for the loss (This is comparab e i to the 
resynthesis of ATP by the energy produced from phosphagen brea own) 
Finally, as the !e*el in “B” decreases the vahe between B and C opens 
and the contents of “C” flow into “B ” “C.” therefore, is the ultimate 
source of all the energy and represents the energy produced by glycogen 
breakdown Only ate this latter source is depleted, does the phosphagen 
supply begin to disappear (because no energy is formed to cause its resjn 

thesis ) Adenylic acid, as such, is found in muscle on y after the phosp i g 

IS completely used up and, hence, no energy is awnlable for resynthesis 
ATP or ADP, which forms in the absence of phosphagen 

THEORIES CONCERNING THE MECHANISM OF MUSCLE CONTRACTION 
There have been many theories advanced in an effort tosqtonfte 
mechanical aspects of the contraction process in , n '“ c1 ' 
are of historical interest only, ethers being hS 

none of them are wholly acceptable as such, the matter st.ll being h.gniy 

“ n Th:Zd"nam, c theories have 

cle to a steam engine which transforms th P 
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mechanical work However, it is known now that the oxidative changes m 
the muscle fiber occur after, and not before, contraction 
A surface tension theory, with a variety of modifications, was for a time 
widely accepted Usuallj the attempt was made to link the explanation 
with that of streaming and amoeboid movements, but, as has been shown 
for the latter, surface tension at best could explain the movement onlv 
partially 

An early attempt to interpret the shortening of muscle was based upon 
elasticity of the fiber or structures contained within the fiber Tins would, 
of course, necessitate the existence of the fiber in a condition of tension 
while in the relaxed state Previous!), this sounded lnghly improbable, but 
m the light of more recent findings, this principle may actuallj be nnohed 
The most acceptable theories todaj are those which explain contraction 
on the basis of molecular rearrangement The liquid crystal thcor), which 
is illustrated in a simple fashion in Hgure 67, is based upon the possible 


A B 



FIGURE 67 

Diagrammatic illustration of molecular 
rearrangement during muscular con 
traction A molecular arrangement 
in relaxation or rest B during contrac 
tion 


existence of rodhke molecules (such as mjosin) which could be made to 
fold on themselves bj action of some substance or change within the muscle 
fibril itself 

The reversible gelation theor}, which was proposed some years ago, has 
recently been given considerable support as the result of investigations b> 
Szent Gyorgyi and others It has been discovered that various materials 
may be extracted from striated muscle If solutions of these materials- 
the proteins ictrn and mjosm and ATP-arc merer! together srnercsis 
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(a shrinking of a gel and consequent loss of fluid from it, such as in a 
blood clot) will occur when the proper amount of potassium ion is added 
Other ions also may be important These investigators claim that this 
may be very similar to the contraction process within the muscle fibril 
However, difficulty exists because of the fact that the process does not re 
verse itself in the fashion which might be expected to occur within the 
tissue In connection with the syncresis process A TP is found to disso 
ciate into ADP and IIjP0 4 and the proteins also undergo changes in com 
bination It is of interest to note that evidence seems to indicate that the 
breakdown may actually be associated with the conversion of the proteins 
to their original condition If this is found to be the case then one will 
have to be content with assigning ATP to a function in the recovery phase 
of muscle and to continue to look for another means by which t le con 
traction may be initiated 


DARK AND PALE STRIATED MUSCLES 

It is well know n that some striated mnscles are much darker than others 
In some annuals such as the rabbit or the chicken muscles of two shades 
dark (red) and pale (wlnte) can be distinguished even on superdcia a 
animation Tire rabbit has dark breast and pale leg muscles whereas the 
chicken has pale breast and dark leg muscles The i erence is muc m 
extensive than mere shade however they differ m fnnetion as well the 
red muscle contracting slowly and the pale rapidly 

Upon microscopic examination the slow red muscles are tond to con 
tarn large quantrt.es of I, paid substances and appear more granula than 
the pale Wren a red muscle » stimulated it is found to have a slow actmn 
current as well as slow contraction and relaxation peno 
of blood it still retains its opaque red color because of the P”™* 
quantities of muscle hemoglobin (a respiratory pig , f fh 

from blood hemoglobin, which - an ^ and 

muscle A pale muscle on the other han p , h t duration 

^ contraction and relaxation periods are of comparatneb short dum 
ms type of muscle , usually translucent : 

of blood indicating that there is very lit y iespiral0 „ substance 

ent the latter being replaced by cytoc to ^ which would place them 

There are many muscles that have cha „ jdent] in s0 called rapid 
somewhere between the red and the pa n]U ] d( , hemoglobin since 

Pale muscles of man eat or dog t * ^ af(cr a thorough 

these muscles have a pinkish color tlia 
'vashing 
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In many insects such as flies, wasps, and bees, the wing muscles may 
contract at the rate of 500 times per second The hearts of small birds 
and mammals (canaries, humming birds, and mice) beat at a rate of from 
500 to 700 times per minute when the animal is at rest The muscles used 
m these rapid contractions contain no muscle hemoglobin, but a large 
amount of cytochrome 

Muscle hemoglobin senes the body chiefly as an oxygen store since it 
has sufficient storing capacity, can load and unload its oxygen at suitable 
oxygen pressures, and is able to do this rapidly further discussion on the 
function of muscle hemoglobin and cytochrome is taken up later in the 
section on respiration 


UNSTRIATED SMOOTH MUSCLE 

At this time it seems desirable to present a few of the salient features of 
smooth muscles These muscles, as found in humans, have already been 
discussed briefly, and will be taken up in more detail later when specific 
organs containing this type of contractile tissue are considered They dif 
fer greatly from striated skeletal muscles m many ways, since their ongin 
and development are different This is the type of muscle found in all 
visceral organs, except the heart — that is organs, such as the stomach, in 
testmes, bladder, uterus, ureter — and the arteries of the body 

The smooth muscles respond to the same type of stimuli as do the striated 
(electrical, chemical, thermal, and mechanical), but are more sensitive 
to certain chemicals and less sensitive to electrical stimuli The cells con 
sist of relatively short, spindle shaped fibers, which are innervated and con 
trolled by a double set of autonomic nerves As is shown in more detail 
later, these divisions (sympathetic and parasympathetic ) are antagonistic in 
their actions, that is, impulses coming over a nerve of one division may cause 
contraction whereas those coming over a nerve of the other may result m 


relaxation 

Most smooth muscle under suitable conditions exhibits spontaneous 
rhythmic contraction which appears to be an innate property of the muscle 
itself These contractions vary in frequency in different organs — from one 


per minute m the spleen to twelve m the small intestine If smooth nms 
cle is moderately stretched, it will again contract when released 
Other distinctive features are marked sluggishness, and the ability to 
exhibit tonus to a high degree Contraction may take more than 1 mm m 
smooth (stomach of frog) as compared to or sec rn stated nroscle 
(gastrocnemius of frog), mechan.cal or clectr.ea! strrmrl, nraj cole a re 
asatron when muscle tonus rs great, mcrcase rn temperature usual!, causes 
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a relaxation, as docs an increase in hydrogen ion concentration The capac 
lty of smooth muscle for dc\elopmg any great tension is rather limited 


PATHOLOGICAL CONDITIONS OF MUSCLE "" 

Examples of muscular paralysis, a common pathological condition of 
muscle resulting from nerve injur), are known to all Such muscles are 
unable to contract normally, and may, with disuse, soon show indications 
of atrophy Failure of some muscles to contract may prove fatal, thus, 
after abdominal operations the muscles of the ileum (the last 12 ft of the 
small intestine) occasionally become paralyzed, resulting m intestinal ob- 
struction which may eventually be the indirect cause of death 
At times the striated muscles functioning during respiration cannot con 
tract because of injury to their nerve supply— injury such as that caused 
by infantile paralysis, for example This would be fatal if one 1 not re 
sort to artificial respiration in the form of an 4 iron lung or the like n 
this connection it should be noted that the voluntary activi y o s na e 
muscle requites the proper functioning of two groups o neurons (nerve 
cells) One group connects the bruin with the spinel cord the other con 
nects the spinal cord with the muscle Spast ic paralysis, which results m 
uncontrollable contractions of muscles, is experien usua 1 " 
group of neurons from brain to spinal cord is injure an flacci p ’ 
m which there » a limpness of the muscles .molted occurs when the group 
connecting the spinal cord and muscle is injured 

Spastic paralysis may be caused by birth injuries to the taslfc" 
fant or ,t may be produced later nr life by other conditions inter mg nth 
proper functioning of the motor areas m the brain or the " ^ ' ^ 
mg down to the cord, such as those attending cerebral hemorehage or stmhe, 
brain tumors, and other mfirmit.es These mjnnes apparently aSect^m 

hibitory centers and present their padm cond.hon of the mus 
neurons become overactive, which causes P 

Flaccid paralysis frequently follows „”tre«s between 

Of injury of nerce trunks as they emerg condition 

the cord and muscles which “ -not be, ohm 

leads to loss of conduction with the resu 

tardy controlled, and consequenth ^ mas 

Paralyzed muscles if untreated by p P degeneration Tins 

saging or moung of the limbs uu*"**^ bj ^, t! or casts, or 
condition occurs also if the muscle i 
d a tendon is severed 
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In many insects such as flies wasps and bees the wing muscles may 
contract at the rate o£ 300 times per second The hearts of small birds 
and mammals {canaries humming birds and mice) beat at a rate of from 
500 to 700 times per minute when the animal is at rest The muscles used 
m these rapid contractions contain no muscle hemoglobin but a large 
amount of cytochrome 

Muscle hemoglobin senes the body chiefly as an oxygen store since it 
has sufficient storing capacity can load and unload its oxygen at suitable 
oxygen pressures and is able to do this rapidly Further discussion on the 
function of muscle hemoglobin and cytochrome is taken up later in the 
section on respiration 


UNSTR1ATED SMOOTH MUSCLE 

At this time it seems desirable to present a few of the salient features of 
smooth muscles These muscles as found in humans have already been 
discussed briefly and will be taken up in more detail later when specific 
organs containing this type of contractile tissue are considered They dif 
fer greatly from striated skeletal muscles m many ways sirce their origin 
and development are different Tins is the type of muscle found in all 
visceral organs except the heart — that is organs such as the stomach in 
testines bladder uterus ureter — and the arteries of the body 
The smooth muscles respond to the same type of stimuli as do the striated 
(electrical chemical thermal and mechanical) but are more sensitive 
to certain chemicals and less sensitive to electrical stimuli The cells con 
sist of relatively short spindle shaped fibers which are innervated and con 
trolled by a double set of autonomic nerves As is shown in more detail 
later these divisions (sympathetic and parasympathetic) are antagonistic m 
their actions that is impulses coming over a nerve of one div lsion may cause 
contnction whereas those coming over a nerve of the other may' result 111 
relaxation 

Most smooth muscle under suitable conditions exhibits spontaneous 
rhythmic contraction which appears to be an innate property of the muscle 
itself These contractions vary in frequency in different organs — from one 
per minute in the spleen to twelve in the small intestine If smooth nuis 
cle is moderately stretched it will again contract when released 
Other distinctive features are marled sluggishness and the ability to 
exhibit tonus to a high degree Contraction may take more tlnn 1 mm in 
smooth (stomach of frog) as compared to 01 sec in striated muscle 
(gastrocnemius of frog) mcclnmcil or electrical stimuli mav evoke a re 
taxation when muscle tonus is great increase in temperature ustialh causes 
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a relaxation, as does an increase in hj drogen ion concentration The capac 
ity of smooth muscle for developing an) great tension is rather limited 

PATHOLOGICAL CONDITIONS OF MUSCLE ^ 

Examples of muscular paral)sis, a common pathological condition of 
muscle resulting from nerxe injury, are known to all Such muscles are 
unable to contract normally, and ma), with disuse, soon show indications 
of atrophy Failure of some muscles to contract may prove fatal, thus, 
after abdominal operations the muscles of the ileum (the last 12 ft of the 
small intestine) occasionall) become paral>zed, resulting in intestinal ob 
struction which may eventually be the indirect cause of death 
At times, the striated muscles functioning during respiration cannot con 
tract because of mjur> to their nerve supply— injury such as that caused 
by infantile paralysis, for example Tins would be fatal if one did not re 
sort to artificial respiration in the form of an ‘ iron lung or the like In 
this connection it should be noted that the voluntary activity of striated 
muscle requires the proper functioning of two groups of neurons (nerve 
cells) One group connects the brain with the spinal cord the other con 
nects the spinal cord with the muscle Spastic paralysis, which results in 
uncontrollable contractions of muscles, is expenenced usually when the 
group of neurons from brain to spinal cord is injured, and flaccid paralysis, 
in which there is a limpness of the muscles involved occurs when the group 
connecting the spinal cord and muscle is injured 

Spastic paralysis may be caused by birth injuries to the brain of the in 
fant, or it mav be produced later in life by other conditions interfering with 
proper functioning of the motor areas in the brain or the nerve tracts lead 
mg down to the cord, such as those attending cerebral hemorrhage or stroke, 
brain tumors, and other infirmities These injuries apparently affect in 
hibitory centers and prevent their functioning properly, hence, the lower 
neurons become overactive which causes the spastic condition of the mus 
cles 

Flaccid paralysis frequentls follows infantile paralysis, and is the result 
of injury of nerve trunks as thes emerge from the cord or of areas between 
the cord and muscles which are innervated bj these trunks this condition 
leads to loss of conduction with the result that the muscles cannot be volun 
tanly controlled, and consequenth become flaccid 

Paralyzed muscles if untreated bv proper medical methods, such as mas 
sagtng or moving of the limbs, undngo atropln or degeneration Tins 
condition occurs also if the muscle is immobilized bv splints or casts, or 
d a tendon is sev ered 
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In some cases of flaccid paralysis, the possibility exists that the nene con 
nection may be reestablished if damage to the nerve has not been too ex 
tensive The manner of the regeneration of the nene tissue ts considered 
in Chapter 8 Before the connection between muscle and nerve is again 
made, however, it is necessar) to stimulate the muscle by artificial means 
m order to prevent atrophv Thus, the muscle will be in better condition 
when it maj finally be stimulated by norma? means — through its nerve 
Muscle may undergo a spontaneous atrophy, first evident in the lower 
limbs, the cause of which is unknown Deficiency in vitamin E may also 
lead to atrophy 

Sometimes muscle fibers will contract individual!} or in small groups 
only, while the muscle as a whole is quiescent Tins phenomenon gives 
the appearance of quncnng and is referred to as fibrillation Evidence 
seems to support the view that tins is caused by a chingc of conditions 
within the tissue, and perhaps b) an increase in sensitivity to materials 
found at the ends of nerves and associated with the passage of the impulse 
from nerve to muscle 


ADDITIONAL READING 

Szent Gjorgyi, A, Muscular Contraction (New York Academic Press, 1951) 
Newer concepts of muscular contraction 
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Development of Conductile Systems 


IRRITABILITY AND CONDUCTIVITY 

As was mentioned previously, irritability and conductivity, fundamental 
properties of all hung protoplasm, are specialized functions of nerve tissue 
Actualh, the properties of irritability and conductiuty have been developed 
in higher animals to a great degree in two types of tissues, muscle as is ell 
as nerve, attaining the greatest specialization in the latter It has already 
been shown that in muscle tissue the property of contractility also is very 
veil developed m highly differentiated forms m lover animals, although 
to a lesser extent When the nene of a nen e muscle preparation is stimu 
lated, a contraction of the muscle follovs within a very short interval of 
time Thus, a disturbance which is set up in the nene by a proper stim 
ulus travels down the nerve (as the impulse) until it reaches the muscle 
and produces a mechanical effect In this way, the properties o irri a i ity 
and conductivity highlj developed in nerve and muscle tissues as well as 
contractility in the muscle, combine in achieving a high degree of coordina 
tion 


FUNCTION OF THE NERVOUS SYSTEM 

The nervous system is a coordinating and ad|usting mechanism which 
is aided in its functions by a complex of receptors (sense organs and the 

usually associated with it „ 

Afferent impulses are those that pass from sense organs to the central 
nervous system (file spinal cord or brain), and efferent .mpulses those fr m 
the cord or brain to the muscle cells or glands 

NEED FOR A NERVOUS SYSTEM 

In lower animals, there is no need for a highly developed coordinating 
system, for m most cases the cells are in immediate contact 

vironment and thus obtain stimuli directly from i p . 

. i „ 11C ot efprn nor anv nerve tissue, m the rrotozoa 

There is no central nervous system nor > c0 „ rfln3t , ng anc! 

« the Porifeia, but. nevertheless, he, ^ func „ on of S sucIl 

“mutlfcTnd b utu.e sUlt Annuls hie a constant,! changing 
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tically all animal phyla have been demonstrated by many investigators 
According to this definition, most animals, if not all, possess the ability 
to learn If this is true, we can look for basic phenomena which constitute 
the function of conductivity in some of the lower organisms Amoeba 
learns to avoid a source of light, although, in most cases, it takes a number 
of trials before it does so Stentor, a ciliate protozoan, modifies its behav 
lor in a number of ways when an unfavorable stimulus is applied to it At 
first, it merely contracts in ordei to avoid the stimulus but later mav move 
some distance away from it Hydra behaves in a manner quite similar to 
Stentor Its behavior is, however, on a somewhat higher plane than that of 
Stentor but much lower than that of other invertebrates 
Such examples are found throughout the animal kingdom but, as or 
ganisms increase in complexity, they also progress in their ability to modify 
their behavior In the Annelida, lor example, considerable progress is 
shown over those animals previously mentioned, probably because of their 
specialized anterior end, and their nervous system, the centralization of 
which is more pronounced than that in any of the other types The Ar 
thropoda are still more advanced in ability to leam Some insects can 
modify their behav lor to the extent of overcoming an inherent pattern in 
their riervous make up and in this respect are much farther advanced than 
some of the lower vertebrates Thus, the cockroach by repeated exposure 
to unfavorable stimuli, may be taught to avoid the darkened environment 
which it instinctively seeks However, in modifiability of behavior, most 
vertebrates show considerable advancement over invertebrates, and the 
mammals especially man, are superior to all others 
A study of the development of nervous elements in the various animals 
mentioned above furnishes information concerning the possible level of 
behavior m each case 

OCCURRENCE OF CONDUCTILE ELEMENTS 
Although the Protozoa are usually looked upon as forms which show 
very little differentiation such as is found m the more complex multicellular 
organisms, there is nevertheless differentiation within the protoplasm itself 
Yet, these types of cells are not as uniformly eonductile and contractile as 
was once thought It has been found that many of the ciliatcs exhibit 
intracellular specialization in that thev possess mam protoplasmic strands 
that lead to the cilia from a common center These fibnls along with the 
cilia are referred to as the neuromotor apparatus This mechanism de 
scribed in a preceding chapter (page 51), is illustrated in Tigurc 6S 
The center is usually termed the neuromotor center and the fibnls evi 
dently account for the coordination in the beating of the cilia If they are 
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the space between them which is known as a synapse. The conduction is 
normally in only one direction from one nerve fiber to another. However, 
a stimulus applied at a point on a nerve fiber is free to travel in any direc- 
tion along that fiber, until it reaches a synapse. The synapse will then 
determine if the impulse may pass on to a second neuron. 



FIGURE 69 

The nerve net of the fresh water coc- 
Icnterate Hydra. Note that the proto 
neurons are continuous so that stimu- 
lation at any point results in response 
of the whole animal. 

The earliest occurrence of the nerve-net type of system generally is 
found in the coelenterates; but similar systems are found also in all of the 
animals above the coelenterates. Nerve nets are found in the vessels of 
the human circulatory system; also in the intestinal tract. It is judged 
to be a primitive type of nervous system for several reasons: (1) it first 
appears in the coelenterates; (2) in animals abov e the coelenterates, com- 
paratively speaking, the nerve net is not as important or as extensive as 
in lower animals; and (3) its structure is very- primitive. 

Development of Synoptic System from Nerve Net 

The nerve net system undoubtedly gave way to the synaptic type of 
mechanism by gradual development through the ages. Already within 
the coelenterate phylum we find that changes have taken place in the 
nervous systems of the various species, from the very primitive type that 
is structurally and physiologically continuous, to those which are not so 
ramified but whose fibers appear to lie chiefly in one direction. Under 
these conditions, the impulse is not so diffuse but travels in the direction 


JOS NERVOUS COORDINATION 

injured or dcstrojed, the cilia are no longer capable of coordinated move- 
ment and the organism moves in a rather erratic manner. 

As far as is known, the sponges possess nothing that resembles a nerve 
mechanism. Each cell, as is true of most living cells, is capable of con- 



FIGURE 68 

Tlic ncuto motor apparatus of a ciliated cell, 
Paramecium The condnctdc elements or 
fibrils lead from a common center to the cilia 
and base to do with coordination of ciliary 
beat 


ducting impulses within itself and even conducting from one cell to the 
next However, the conduction is extremely slow and shows very little 
resemblance to specialized nerve conduction 
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the space between them which is known as a synapse The conduction is 
normally in only one direction from one nerve fiber to another However, 
a stimulus applied at a point on a ncr\e fiber is free to tra\el m an) direc 
tion along that fiber, until it reaches a s>napse The synapse will then 
determine if the impulse may pass on to a second neuron 



FIGURE 69 

The nerve net of the fresh water coc 
lenterate Hydra Note that the proto 
neurons are continuous so that stimu 
lation at any point results in response 
of the whole animal 

The earliest occurrence of the nerve net type of system generally is 
found in the coelenterates, but similar systems are found also in all of the 
animals above the coelenterates Nerve nets are found in the vessels of 
the human circulatory system, also in the intestinal tract It is judged 
to be a primitive type of nervous system for several reasons (1) it first 
appears in the coelenterates, (2) in animals above the coelenterates, com 
paratively speaking, the nerve net is not as important or as extensive as 
in lower animals, and (3) its structure is very primitive 

Development of Synaptic System from Nerve Net 

The nerve net system undoubtedly gave way to the synaptic type of 
mechanism by gradual development through the ages Already within 
the coelenterate phylum we find that changes have taken place in the 
nervous systems of the various species, from the very primitive type that 
is structurally and physiologically continuous, tn those which are not so 
ramified but whose fibers appear to he chiefly m one direction Under 
these conditions, the impulse is not so diffuse but travels in the direction 
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of the longer fibers It is of interest to note that in a nerve net which is 
stretched, the impulse tends to more in the direction of stretch or ten 
sion This evidence gives a clearer view of the development of the synaptic 
type of nervous system The most highly developed nerve nets show a 
polarity or a movement of impulses in one direction It is not too illogical 
to assume that there was, at some period in the development of the nervous 
system, an actual break between the protoneurons, which resulted in the 
production of neurons and the space between them, known as the synapse 

ACTION OF STRYCHNINE ON NERVOUS SYSTEMS 
Interesting observations have been made with strychnine on organisms 
of the various animal phyla already mentioned This drug has an effect 
on the nerves at the synapse, increasing the reflex excitability In other 
words, impulses will spread over almost all synapses in an animal treated 
with strychnine Thus, m a mammal so treated mosf of the muscles con 
tract and the glands become more active, resulting in convulsions Conse 
quently, it is obvious that animals with a synaptic t)pe of nervous system 
will react to strychnine If coelenterates are exposed to its action nothing 
out of the ordinary happens when they are stimulated, since they have no 
synaptic system They possess a nerve net, hence the strychnine can make 
the impulses no more diffuse than they already are If strychnine is in 
jected into the echmoderms, a slight effect is noticed in their responses 
to stimuli They have both synaptic and nerve net systems, chiefly the 
latter In the arthropods, the behavior of which is controlled chiefly bv 
a synaptic nervous system, strychnine has a great effect on responses, just 
as it does on the responses of vertebrate animals 
In a general way, one can determine with fair accuracy the dominant type 
of nervous system possessed by an animal by simply noting its responses 
when injected with strychnine 

ADDITIONAL READING 

Rogers, C G, Textbook of Comparative Physiology, 2 nd ed (McGrwv Hill 
1 93^)*PP 557-^M Nervous coordination in invertebrates 
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THE NEURON 

Tiie nervous systems of man and other \ertebrates consist of three parts 
(1) the central nenous svstem (2) the peripheral nervous system and 
(3) the autonomic nervous sjstem (which is discussed later) A diagram 
matic indication of the extent of distribution of the main nerve trunks mav 
be obtained from Figure 70 All nerve tissue is composed of cellular units 
called neurons The neuron is a single nerve cell probably the most highly 
differentiated of all cells with many protoplasmic processes arising from it 

MICROSCOPIC STRUCTURE OF NEURON 

In Figure 71 is illustrated the microscopic structure of a single neuron 
consisting of cell body dendrites axon and end arborization or end brush 
Two or more neurons may follow one another m succession as will be 
shown later in the discussion of the reflex arc Always the axon end 
brush of the one makes contact with the dendrites of the other In the 
sensory neuron the dendrites (in skin for example) merge into a long 
fiber which leads to the cell body near the spinal cord This fiber is called 
a dendron The cell body a rather irregular structure containing the 
nucleus (which in turn contain' a nucleolus) has an important nutritive 
function to perform in the life of the neuron The nuclei of cells usualh 
function in division but m the case of nerve cells tliev no longer have this 
function hence the cell cannot divide It is evident then that mam 
mals must be born with the same number of nerve cells that they will have 
throughout life These cells change only in size being very small at birth 
and becoming much larger in the adult 

Usually the fiber of the neuron is thought of as being the part of the 
nerve concerned with conduction but the cell bodv must conduct impulses 
or there would be a block at this point in all cells especially those of the 
neurons leading to the muscles (motor neurons) 

The dendrites are fine hairhke structures that lead directly from the cell 
body They come into close proximity or contact with the axon end 
ill 
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FIGURE 70 

Showing extent of main neno trunks m man. 



A neuron or single nene cell. 


, This junction is referred to as the synapse. 
brushes of other ncuro*^ J^ cn J hc cn d brush of one neuron and the 
There is actual contact b ‘ arc pln , ic ally distinct structures. Tire rm- 
dendrites of anotl.crhut ties J ovct ,„c synapse or tune- 

pulse, when it reaches the end ^ the dcndrilcs am , mcr ,hc awn of 
tional gap before rt can t ^ ^ tlic impulse may follow ora 
thC T*voT”o oTmo’rc neurons is normally controlled by the synapsa 
a path"**’ 
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and it may pass only from the end brush of the first neuron to the dendrites 
of the next one, but not in the opposite direction Some axons are ex 
tremely long, especially those of certain motor neurons For example, the 
axons of neurons m the human sciatic nerve leading to the toes are several 
feet in length, those of the elephant’s sciatic nerve may be as long as 10 ft 

CLASSIFICATION OF NEURONS 

The structure usually called a 'nerve” is properly classified as a nerve 
trunk consisting of numerous nerve fibers or neurons In the peripheral 
nerves (or those that lead to or from the surface, the skin or muscle for 
example), a distinction is made between sensory or afferent neurons and 
motor or efferent neurons The sensor) neurons lead from receptors (sense 
organs, etc ) to the spinal cord and the motor neurons from the spinal cord 
to effectors (muscles and glands) In other words, the nerve trunk is ordi 
nanly a mixed nerve, since it contains the axons of motor neurons and the 
dendrites of sensory neurons These two types are connected in the spinal 
cord and brain by mtermmcial or association neurons It is by means of 
these latter neurons that an impulse may be earned to neurons serving 
various parts of the body (Figure 72, see also I igure 88, page 131 ) 



FIGURE 72 

Three types of neurons of the central nervous svstem Onlj the 
motor and sensory fibers are medullated 
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THE MYELIN SHEATH 

Nerve fibers may be medullated or nonmedullated The medulla ted 
fibers are m part enclosed in a myelin sheath covering only the a\ons which 
gives the latter a pearly white appearance The dendrites cel! bod), and 
end brushes are naked and are therefore gray in color The sheath often 
regarded as an insulator is interrupted at regular intervals by the so-called 
nodes of Ranucr The whole sheath is cm eloped by the neurilemma or 
nerve membrane Practically all the neurons which enter or make their 
exit from the central nervous system are medullated Nonmedullated 
fibers are found chitfiv m the autonomic nerves 

When a section is made through the spinal cord it is found that the 
external part of the cord is white in appearance owing to the fact that most 
of the neurons in this region arc medullated The internal portion is grav 
because the neurons of this area arc nonmedullated The position of 
white and gray matter m the brain is the reverse of that in the cord 

STIMULATION OF NERVES 

Nerves will react to light and to mechanical thermal, chemical or elec 
trical stimuli that is am rapid change in the phvsical or chemical condi 
lion of the environment will initiate the passage of an impulse over a nerve 
11ns passage mav be ascertained bv means of a galvanometer or by keeping 
the nerve and its muscle intact and noting whether or not the muscle con 
tracts when the nerve is stimulated 

CHRONAXIE OR EXCITATION TIME 

electrical stimulation is much more useful experimental!! than other 
tv pcs The effectiveness of the stimulus depends on its mtcmitv as tncav 
ured bv the voltage duration, 3iid rate at which the voltage changes from 
zero to the mtcnsitv of the effective current These factors must be con 
trolled if one wishes to measure the cxcitahihtv of flic nerve In other 
words the mtcnsitv of a stimulus uid the rale at which it changes from 
zero to high mtcnsitv or from high mtcnsitv to zero arc not the onh 
factors involved for it is found tint a stimulus of high mtcnsitv if applied 
for too short a period of time mav have no effect whereas a much vvctLcf 
one apphed for a longer period of time (but not too long), mav produce a 
response (impulse) Hie duration of the stimulus is highly important 
and must lie taken into consideration in measurements of this tv pc 

The time-duration curve mav be obtained bv plotting the strength of 
stimulus (elect nc current) against the least time needed to stimulate 
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This is illustrated in Figure 73 in winch it is shown that as the strength of 
stimulus is diminished, it must be continued for a longer time in order to 
be effects e E\entuaHy, the stimulus reaches such a low intensity that it 
causes no response, regardless of how long it may be continued There 



The strength duration curve and the manner in which chronaxie is calculated A just 
perceptible response was obtained for the \oltage and time represented by each dot The 
minimum intensity is the rheobase and a stimulus below this strength no matter how 
prolonged will not affect the ner\e or muscle Chronaxie is the shortest duration of a 
current necessary for excitation when the current strength is twice the rheobase value 

fore, there is a strength of stimulus below which no response may be ob- 
tained, although it may be continued for an indefinite period of time This 
strength of stimulus is called the rheobase By doubling the rheobase 
strength, an intensity is obtained that requires only a very short time to stim 
ulate This is called chronaxie and may be defined as the duration of a 
stimulus having double the rheobasic value which will produce a perceptible 
response It is an indication of the relative reactnity of any tissue Thus 
the value for chronaxie of nerve is exceedingly short but is longer for striated 
muscle and longer still for smooth muscle 

Polarization at Electrodes 

In order to stimulate a nerve or muscle electrically, two electrodes must 
be placed in contact with the tissue If metal electrodes are used, polanza 



116 


nervous coordination 

tion will take place as it does if the electrodes are placed in a solution con 
taming a salt, such as sodium chloride, that is, positively charged ions will 
travel to the cathode and negatively charged 
ions to the anode Hence, there is an accu 
mutation of positive and negative ions at 
tftcsejioles These naturally set up a po 
tential difference between the tsvo poles and 
an electromotive force, opposite to that al 
ready acting, is produced— a back electro- 
motive force T^ie system, therefore, be- 
comes polarized and a current no longe' 
flows fn order to overcome polarization 
during stimulation of a nerve or muscle, 
figure 74 nonpolonzable electrodes may be used, in 

One type of nonpokrrabte elec "*"* "' e me ' 3 ' e,ertrofc *P into a solution 
trode (boot electrodes) containing ions of the same metal For ex 

ample, if zinc were the metal making up the 
electrodes, zinc chloride could be used in the solution When a current is 
passed through this system, the metal is deposited on the cathode while it 
gradually goes into solution, freeing ions, at the anode The latter ions 
produce a salt by combination with other ions which are migrating towards 
the anode Tins arrangement prevents polarization and the current can 
continue to flow 



ACTION CURRENT OF NERVE 

The action current and e\ idence that it is really the impulse are discussed 
in Chapter 5 ft is a phenomenon of nerve as well as muscle 
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As an impulse or action current is transmitted o\ cr a nen e, certain changes 
take place in the nerve These changes are resemble There is no me 
chain cal response in nerve but otherwise its phjsiological actmtv is similar 
m mam ways to that of muscle The electrical response has long been 
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known to be present but thermal and chemical changes have been more 
recently established 

If the electrodes of a very' sensitive galvanometer are placed on a nerve, a 
wave of negativity passes down the nerve each time it is stimulated The 
wave is very similar to that already discussed under action current m muscle 
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FIGURE 76 

Transmission of impulse over neuron 
or muscle cell The dotted regions in 
dicate a depolarized condition and an 
increased membrane permeability which 
permits a movement of ions as shown 
by the cursed arrows This is the im 
pulse that progresses over the nerve or 
muscle cell and is followed by the re 
covery phase (modified from Carlson 
and Johnson) 


The impulse may travel in either direction along a nerve fiber, as is evident 
when a nerve branch or nerve trunk (such as the sciatic) is stimulated 
Only the synapse will govern the continuation of the impulse over a senes 
of neurons, as mentioned previously The galvanometer can detect cur 
rent moving in either direction along the axons and dendrons away from 
the point of stimulation 


REFRACTORY - PERIOD 

Immediately following stimulation of a nerve, there is a very short period 
of time referred to as the refractor > period when it is no longer sensitive to 
further stimulation A situation or condition exists which is quite similar 
to that found in muscle during its refractory phase As in the latter case 
there is an absolute refractory period , when the nerve will not respond to a 
second stimulus no matter how intense it mav be, and a relatise refractor} 
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period, when a sufficiently strong stimulus may evohe a second response 
In other words, during the relative refractory period, the nerve is beginning 
to recover (repolarize) Naturally, during the time immediately follow 
mg the absolute refractory period it has recovered only shghtlv, hence, it 
would require a stimulus of great intensity’ to cause an impulse to flow at 
that time However, when the nerve has almost entirely rcpolanzcd it 
requires a stimulus only slightly greater than threshold (minimal) to elicit 
a response The recovery of nerve after stimulation and the variations in 
refractory periods are well illustrated in figure 77 
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m irregular short lengths The myelin sheath, just beneath the neurilemma, 
breaks up into droplets of variable size which later undergo chemical changes 
The neurilemma remains intact, at 
least for some time In certain 
nenes, regeneration may take place 
This is first noticed as a growth of 
the neurofibnls from that part of the 
axis cylinder that has not undergone 
degeneration The regenerated fi 
brils follow the pathways of the de 
generated part of the neuron pro 
vided the neurilemma is still present 
It is belie\ed that the neurofibnls are 
able to do this by means of a chemo 
tactic response, that is, that there is a 
chemical attraction for them in the 
old pathway They may regenerate 
at the rate of o 5 to 2 mm per day 
The neurilemma is absolutely essen 
tial for this activity and, therefore, 
nerves that do not have this mem 
brane do not regenerate Thus, if 
the nerves in the spinal cord or, for 
instance, those of the eye or ear, are 
severed, loss of movement and/or normal neuron wallerian degeneration 

sensation is permanent, since m FIGURE 78 

these as well as m other nerves the _ t , 

Comparison of normal neuron with one 
neurilemma is lacking If a wound showing Wallerian degeneration 
is severe enough to cause too great a 

gap between the undegenerated and degenerated track, the regenerating ends 
of the fibrils may not find their old pathvvavs Under these circumstances 
they sometimes continue to grow and produce a tangled mass called a neu 
roma, which may be quite painful because of the pressure Tins explains the 
painful sensations that appear to exist in the toes of a person whose leg has 
been amputated The pressure brought to bear on the ends of the sensory 
neurons that formerly led from the toes initiates impulses that are carried to 
the brain 

SPEED OF CONDUCTION 

Before 1852, it was generally believed that the nerve impulse traveled at a 
rate equal to that of light which is about 186 000 miles per second At this 
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time, however, the great German physiologist, Helmholtz, reported the re 
suits of an ingenious experiment which proved definitely that the speed of 
the nerve impulse was only 30 meters per second m the frog gastrocnemius 
or slightly more than 1 mile per minute The speed of the nerve impulse 111 
the frog is, therefore, a mere fraction of that of light or electricity By 
modifying his methods somewhat and using the gastrocnemius muscle of the 
frog with the full length of its sciatic nerve attached records may be obtained 
on a rapidly moving drum of a kymograph from which can be calculated the 
speed of the nerve impulse The arrangement is illustrated in Figure 79 
Although rather crude, this method gives surprisingly accurate results 



FIGURE 79 

Diagram of the apparatus for ascertaining 
time of ncnc impulse according to Helm 
holt 7 Records were obtained for the con 
traction of the muscle when stimulated 
first by electrodes A and then by electrodes 
B 1 he difference m the latent periods is 
the time it til.es for the impulse to true! 
the 3 cm of ncnc between the two paus 
of electrodes 


Two pairs of electrodes arc applied to the nerve one at the upper end and 
the other as near the muscle as possible Records nrn now be taken of the 
contraction of the muscle when its nerve is stimulated first at the near clcc 
trodc and then at the more distant one The cvact time the shmiihw « ap- 
plied is noted and a time scale produced as indicated m Figure 8 a U is 
found that the latent period is shorter in the first case than in the second and 
the difference between these two periods gives the time the impulse Ins 
taken to pass over that portion of the ncnc between the two electrodes 
Knowing the distance (3cm) between the two electrodes and the time (1 
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millisec ) the impulse tales to travel this distance, it can be calculated that 
m 1 sec the impulse will tra\el 3000 cm, or 30 meters This is the figure 
obtained by Helmholtz which was later pro\ ed to be fairly accurate although 
it would be \er\ difficult to ascertain much greater speeds bj such a method 



TIME IN MILLISECONDS 


Copy of records obtained when a nmc muscle preparation ,s stimulated as desebed in 
Figure 79 The latent period before the muscle contracted ashen the none lias St, mu 
lated by the second pa,, of electrodes (cone A) sms one millisecond longer than that 
ptoduced when the fits! electrodes were used (curse B) In other , sords ,t tool the 
impulse 1 millisecond to trasel over 3 cm of nerve 


MODERN METHODS OF ASCERTAINING SPEED OF IMPULSE 
More modern methods nosy employ the cathode ray oscillograph with 
ss Inch the speeds of nerve impulses can be dctcrm.ned much more accurately 
Gasser and Erlanger svho perfected this method (192:1-19:9) found that 
the speed of impulses oscr the nerves of mammals was in some mstances 
greater than 100 meters per second but tl.es also found that in some nerves 
the speeds sscre esen less than those m the frog sciatic nerve In fact, by 
using the oscillograph and by comparing nerve fibers m cross sections of 
sciatic nerves these investigators conclude that there arc at least fisc differ 
cut types of nerve fibers in the sciatic nerve four of sslneli can be distin 
guishcd Struct!, rails Tims as shown m Tigure 8. the medullatcd fibers 

mas be placed in three groups— large medium and small— the size depend 
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time, however, the great German physiologist, Helmholtz, reported the re 
suits of an ingenious experiment which proved definitely that the speed of 
the nene impulse was only 30 meters per second m the frog gastrocnemius 
or slightly more than 1 mile per minute The speed of the nerve impulse in 
the frog is, therefore, a mere fraction of that of light or electricity By 
modifying his methods somewhat and using the gastrocnemius muscle of the 
frog with the full length of its sciatic nene attached, records may be obtained 
on a rapidly moving drum of a kymograph from which can be calculated the 
speed of the nerve impulse The arrangement is illustrated m Figure 79 
Although rather crude, this method gives surprisingly accurate results 



FIGURE 79 

Diagram of the apparatus for ascertaining 
time of nene impulse according to Helm 
holtz Records were obtained for the con 
traction of the muscle when stimulated 
first by electrodes A and then by electrodes 
B The difference in the latent periods is 
the time it tahes for the impulse to trasel 
the 3 cm of ner\e between the two pairs 
of electrodes 


Two pairs of electrodes are applied to the nerve, one at the upper end and 
the other as near the muscle as possible Records may now be taken of the 
contraction of the muscle when its nene is stimulated, first at the near elec 
trode and then at the more distant one The exact time the stimulus is ap- 
plied is noted and a time scale produced as indicated m Figure 80 It is 
found that the latent period is shorter in the first case than in the second and 
the difference between these two periods gives the time the impulse lias 
taken to pass over that portion of the nerve between the two electrodes 
Knowing the distance (3cm) between the two electrodes and the time (1 



STRUCTURE AND FUNCTION OF THE NEURON 121 

milhsec ) the impulse takes to travel this distance, it can be calculated that 
in 1 sec the impulse will travel 3000 cm , or 30 meters Tins is the figure 
obtained bj Helmholtz which was later proved to be fairly accurate although 
it would be verv difficult to ascertain much greater speeds bv such a method 
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FIGURE 80 

Copy of records obtained when a nene muscle preparation is stimulated as described in 
Figure 79 The latent period before the muscle contracted when the ncnc was stimu 
latcd b\ the second pair of electrodes (curve A) was one millisecond longer than that 
produced when the first electrodes were used (cune D) In other words it took the 
impulse 1 millisecond to travel over 3 cm of nene 

MODERN METHODS OF ASCERTAINING SPEED OF IMPULSE 
More modern methods now cmplov the ealhode rav oscillograph with 
which the speeds of nerve impulses can be determined much more accurate!} 
Gasser and Erlangcr, who perfected this method (1922-19=9), found that 
the speed of impulses over the nerves of mammals was in some instances 
greater than 100 meters per second, but tlicv also found that in some nerves 
the speeds were even less than those in the frog sciatic nerve In f3Ct, b) 
using the oscillograph and bv comparing ncnc fibers in cross sections of 
sciatic ncncs these investigators conclude that there arc at least five differ 
ent tvpcs of nerve fibers m the sciatic ncnc, four of winch can lie distin 
gui shed structunlh Urns as shown in 1 ignre Si the mcdullatcd fibers 

mav be placed in three groups— Urge medium and small— Hie sire depend 
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ing upon the thickness of the sheath The largest consist of both motor and 
sensory fibers and the impulse is propagated over them most rapidly— up to 
120 meters per second The medium and small fibers are sensory and con 
duct at rates from 30 to as low as 14 meters per second 


FIGURE 81 

Diagram of a cross section of the 
sciatic ner\e showing \anous types 
of fibers a large thick mcdullated 
fibers b less thickly mcdullated fi 
bers c least mcdullated fibers d 
nonmedullated fibers 

The nonmedullated fibers consist of those that transmit the impulse at a 
rate of from 11 to 17 meters per second and those that transmit it at o 3 to 
1 5 meters per second 

ALL OR NONE NATURE OF THE NERVE IMPULSE 
There was a time when it was believed that the neive impulse depended 
entirely upon the intensity of the stimulus If this were true, the intensity 
of the action current passing o\er a nerve would vary with that of the stimu 
lus However as discussed m Chapter 5 in connection with striated mus 
cle, there is a threshold value for the stimulus of proper duration If the 
latter has an intensity below the necessnrv threshold, nothing happens, it 
does not excite the neuron If the mtcnsitv of the stimulus is above this 
value it has no greater effect than the threshold stimulus itself If galva 
nometer electrodes arc placed at various points along a nerve {such as the 
sciatic) and a stimulus of threshold value is applied to it, it is found that the 
intensity of the action current is the same all along the fiber Another m 
tcresting fact is that the impulse may decrease in intensity while passing 
over a portion of a nene that has been narcotized, but will regain its full in 
tensitv again after reaching the nonnarcotizcd part Added up, these facts 
simply mean that in order for a stimulus to excite neurons, it must produce at 
least a minimal change at the point applied and once the stimulus accom 
phshes this, a propagated response is set up along the fiber which is of maxi 
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mal intensity In other words when a stimulus is applied to a neuron (or 
muscle cell) it results m a maximal response of these cells or none at all, thus, 
the neuron follows the allomone law This is of value to the animal in 
that it would otherwise respond unneccssarih to too man) stimuli 


Aion Aion 

CotlflltrtrU CoMotardlt 



FIGURE 82 

Illustrating the manner in which 
different sensory neurons can 
carry impulses to the same or 
different muscle units by way of 
axon collaterals The synapse is 
found within the spinal cord 


Axons are subdivided into many collaterals, so that an impulse traveling 
from the cell bod) of a motor neuron will pass os er man) collaterals in order 
to affect many muscle cells It does not decrease in intensity as it passes 
met these various collaterals but retains its original intensity in all the 
branches — another manifestation of the all or none law 


METABOLISM OF NERVE 


Heat Production in Nerve 

During activity of nerve, that is, when the impulse passes over the nerve 
heat is evolved, but the amount is hardl) detectable and was unmeasurable 
until 1926, when extremely sensitive thermopiles were produced The num 
ber of thermal junctions m the thermopiles used for detection of heat in 
nerve had to be increased greatl) It has been found that the heat phases 
during the passage of the impulse are approximate!) the same as those dur 
ing contraction of muscle Two phases have been indicated (r) initial 
heat, (2) recovery heat Even when the nerve is resting some heat is given 
off and can be detected It increases greatly when the nerv e is stimulated 

The initial heat is small in amount and disappears as soon as stimulation 
ceases The recover) heat can be further divided into two phases the cailv 
rapid nhasc winch corresponds to that of the initial heat, and a prolonged 
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phase the extent of which depends upon the duration of the stimulus The 
duration and amount of heat produced during the two phases are shown in 
the graph of Figure 83 The nerve m this case had been stimulated at the 


FIGURE 83 

Graph illustrating the initial heat pro 
duced (in arbitrary units) as compared to 
the recovery heat (after Bronh) Stimul 
given at the rate of 140 per second for 30 
seconds The initial heat is produced onl) 
during flic period of stimulation 

heat continued to appear for 10 min 
after stimulation had ceased Tire initial heat makes up less than 10 per 
cent of the total heat produced It is impossible w ith present day methods 
to ascertain the heat produced bj a single nerve impulse that is why a volley 
or senes of impulses must be given to obtain results such as those presented 
m Figure 83 However it has been calculated that a single impulse ma\ 
raise the temperature of a nerve about one millionth of a degree C Thus 
the initial heat phase wou’d be equal to one ten millionth of a degree or less 

CHEMICAL CHANGES AND TH“ NERVE IMPULSE 
It is more difficult to link up heat production and chemical processes in 
\ol\cd in impulse flow in nerve than it is in muscle contraction Chief!) be- 
cause of the difficult) in ascertaining the changes th it take place in nerve it 
was not until 1933 that respiration (o\)gen consumption and carbon dioxide 
elimination) was first determined Gerard and Ilarthnc used a rather sun 
pic micro-rcspiromcfer the basic principle of winch ts illustrated and de 
scribed m F igurc 84 The eve of the king or horseshoe crab [Lttnulus) with 
its attached nerve was used in their experiments The nerve is placed m 
the tube the end of which is sealed off with vaseline The other end of the 



rate of 140 stimuli per second for 1 5 sec 
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tube is sealed b) means of a drop of sodium In dro\ide solution Two pieces 
of filter paper arc placed inside the tube, the one, saturated with sulfuric acid 
(to absorb ammonia which is produced bv actuc nerve), and the other with 
sodium hydroxide {to absorb carbon dioxide) Thus, any movement of 
the droplet (the temperature and pressure being constant) indicates utiliza 
tion of oxygen and if the di unctcr of the tube is known, the actual amount 
of the gas eliminated can be calculated Hie nen e becomes active as soon 
as the attached eye is exposed to light The evidence indicates a long re 
cover) period in nervous activit) 


NATURE OF THE NERVE IMPULSE 

What is the significance of all of these phenomena associated with the 
nerve impulse? It is said that the nerve membrane is normallj polarized 
when at rest in that a positive charge exists on its external and a negative 
charge on its internal side, one charge potentially balancing the other Ac 
cording to the theory of nerve conduction, the ions are free to pass through 
the membrane when a stimulus is applied In experimental procedures, it is 
most convenient to apply an electrical stimulus This results in an imme 
diate depolarization, since the ions, which were oriented on opposite sides 
of the membrane, art free to move together However, merely striking the 
nerve with a hard object causes local injury and depolarization may occur as 
a result There is ev idence to indicate that cations, on the outer surface of 
the membrane, may pass inward to unite with anions on the inside Now, 
when this local depolarization occurs, that area and the polarized area mime 
diately adjacent, act as a battery and there is a flow of ions from the outside 
to the inside resulting in depolarization of that portion of the membrane 
This procedure, repeated along the length of the nerve, is self-propagating 
and is the nerve impulse It evidently requires very little expenditure of 
energy and may occur m the absence of oxygen 

During repolar.zat.on or recover when the ions are separated and the 
membrane aga.n beeon.es .mpermeable to them, energy .s requ.red The 
refractory per.od posts because of the tune .t takes under normal cond,t,ons 
to restore the ner,e to its polanzed cond.ton after depolar.zat.on While 
cons.den.blo energy maj be furmshed bv anaerob.c processes, eventual y 
oxygen w.ll be requ.red for complete recoverj ,ust as .s the case m muscle 
This is the reason why a nerve that is stimulated repcatedl) in the absence of 
oxjgen loses its exe.tab.htv It fads to recover, although tins cond, bon .s 
reached only after periods of st.mulat.on up to three hours If the nerve .s 
now exposed to oxjgen its former condition maj be restored 

The actual chemical processes .nvolved m conduct™ of .mpulses are 
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not entirely known In some respects energy is furnished in a manner simi 
lar to those processes involved in muscle contraction There is a breakdown 
of creatine phosphate and adenosmetnphosphate This latter material 
may serve as an eventual source of ammonia, which is produced during 
metabolic activ ity in nerves, a process different from that in muscle Carbo- 
hvdrate metabolism has been difficult to demonstrate, although in pathologi 
cal conditions, that is, benben, owing to a lack of thiamine or vitamin B, 
end products of incomplete carbohydrate metabolism accumulate in nerve 
tissue Under normal conditions, the final utilization of these substances 
may be an important phase in furnishing energy for maintenance of polantv 
of the nerve membrane 

Von Muxalt (1937) claimed that the rapidly reversible production and 
destruction of acetylcholine, which had prev lously been shown to be asso 
ciated with conduction of the impulse across the motor end plate, was an 
important event m the conduction of the impulse More recently, Nach 
mansohn {1945) has extended this theory and shown that the metabolism 
of acetylcholine is closely linked to the breakdown and resynthesis of adeno 
sinetnphosphate Thus, it appears that the chemical processes involved m 
muscle and nerve may be closely related in many respects 
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GROSS STRUCTURE 

The spinal reillx system is dependent upon the spinal cord and spinal 
nerves that lead to and from the periphery or outer portions of the bodv 
(muscles glands and sense organs), hence the use of the term peripheral 
nerves as synonymous with spinal nerves 1 his discussion will be concerned 
with the peripheral or spinal nerves (because tliev lead to or from the cord) 
and the spinal cord The cranial nerves, which lead directlj to and from 
the brain, will be considered in a later chapter In order for the cord to be 
examined, the backbone which protects it must be cut away The backbone 
itself consists of thirtv three vertebrae These are essentialh ringhke in 
form, with transverse projections and spinous processes (Figure 24 page 41 ) 
to which are attached muscles bv means of tendons which make the back 
bone strong but flexible 

The cord is a continuation of the brain there is no sharp line denoting the 
end of brain tissue and the beginning of the spinal cord The latter, in 
adult humans, continues to the lower edge of the first lumbar vertebra, 
whereas in fetal life it extends to the very end of the canal The lower part 
of the adult spinal canal contains a mass of nerve trunks know n as the cauda 
equina (meaning ‘horsetail which it resembles) As previously men 
honed, the cord has a pearl) white appearance extcmall) but in cross section 
reveals the presence of gray matter which indicates that the nerve tissue in 
the central portion is unm)ehnated 
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CROSS SECTION OF CORD 

It is evident in the diagram of the cross section of the spinal cord that 
each spinal nerve just before it appears to enter the cord divides into two 
roots one enters the bach of the cord and is called the dorsal root, the other 
appears to enter from in front and is called the ventral root fust before 




FIGURE 85 FIGURE 86 

Ventral view of tlic human A cross section of vertebra showing spinal cord at the 
spinal cord with the spinal level of its union with a spinal nerve B side view of 
nerves and their numbers dcs section of sp nal cord C cross section of spinal cord 
ignated 

their entrance into tfic cord fhej brcai. up into filament hlc branches The 
ventral roots are smaller than the dorsal which maj be a clue to the relative 
number of nerve fibers in each The shape of the gta) matter area varies 
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from one ic\cl to the next but, on the whole, it has the shape of the letter 
"II ’ or a pur of butterfly wings The area in the extreme dorsal portion of 
the cord is called the dorsal horn, tint in the \cntn1 portion, the \entral 
horn The cord is enlarged in the ccn icil and lumbar regions, the diameter 
is noticeably greater m the cross sections taken at these lc\ els It is enclosed 
entirely by connective tissue membranes similar to those found enveloping 
the brain llicsc membranes protect the cord from the twisting and bend 
mg movements to which the backbone is subjected Cerebrospinal fluid is 
found in the space between the membranes and the cord 
The neurons of the ventral roots all have their cell bodies in the ventral 
horn whereas the cell bodies of those entering the cord by vvay of the dorsal 
root arc located in the spinal ganglia Before the nineteenth century, noth 
mg was known concerning the functions of these roots, although the con 
cept of reflex action had already been advanced by Descartes (1649) He 
postulated that impulses originating at the receptors on the bodv surface pass 
to the central nervous svstem where tlicv arc reflected ’ back to muscles or 
glands which then respond mechanically resembling the manner of the 
reflection of light by a mirror The structures involved in this reflection 
were said to make up the reflex arc (figure 88) 

The Roman physician, Galen, who lived in the second century a d , under 
stood that the peripheral nerves were of two types He said, “there are 
nerves to the muscles and others to the skin when the former are affected, 
movement is abolished, when the latter, sensibility’ He, thus, definitely 
distinguished between what are now known as motor (efferent) and sensory 
(afferent) neurons The next question was whether they enter and leave 
the cord separately or together The first actual experimentation on the 
spmal roots was made by Charles Bell, an Englishman, in 1811 He dem 
onstaited that the ventral roots contain motor (efferent) nerves Ten years 
later, Magendie proved that cutaneous sensibility is lost in certain regions 
when the dorsal roots are severed whereas it is unimpaired when the ventral 


mots are cut , , „ .. , , 

These observations resulted in the appearance of the Bell Magendie law 
sensory pulses enter the cord via dorsal roots whereas motor impulses leal e 
via ventral roots Therefore, ventral roots contain only fibers of motor 
neurons whereas dorsal roots contain only fibers of sensory neurons The 
demonstration of this law is illustrated in Figure 87 The experiment ma> be 
readily repeated by exposing the spinal cord of a large bullfrog and aitt g 
the dorsal roots on one side of the cord leasing tl.cientnilroots o, thatsde 
■ntact and cutting the ventral roots on the opposite side of the cord If the 
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peripheral stumps of the ventral roots are stimulated the muscle or muscles 
innervated by that root contract Stimulation of the central stump produces 
no mechanical response whatever 

If the peripheral stumps of the cut dorsal roots are stimulated there is 
no apparent response but if the central stumps are stimulated signs of pain 

FIGURE 87 

Demonstrat on of the Bell Magendie 
la v On the left s de the ventral 
root is cut stimulation at A causes 
contnction of muscles to wh ch the 
nerves lead stimulation at B results 
in no ev dent response On the 
right s de the dorsal root is cut st m 
uht on at C causes contraction of 
muscles whle stimulation at D pro 
duces no response It is therefore 
evident that the dorsal root carries 
sensor} ne irons (impulses to the 
cord) and the ventral root carries 
motor neurons (impulses assay from 
the cord) 

are obtained as well as muscular contraction (if ventral roots are intact) 
After cutting all of the dorsal roots containing nerves that innervate the 
receptors of the area involved the area is found to be wholly insensitive to 
any stimulus 



REFLEX ACTION 

A reflex may be defined simply as an unconscious response to a stimulus 
The initiation of the impulse by the stimulus and its passage over the neurons 
to the structure (muscles) which respond is referred to as reflex action The 
reflex arc consists of the structures over which the impulse passes 

The application of stimuli to various parts of the body surface produces 
responses m animals A stimulus is any environmental change that pro- 
duces a response Most responses may be classified as trigger reactions 
The energy of the stimulus is extremely small compared with the energy out 
put represented in the response to that stimulus just as the energy applied 
to the trigger of a gun is \ ery small compared w ith the energy of the explo- 
sion which follows Tlie organism is able to adjust itself to its environment 
in this way 

Reflexes may be grouped into three classes ( 1 ) simple reflexes in which a 
single muscle is affected (such as the muscle concerned in w inking) (2) co 
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ordmatcd reflexes in which many muscles respond, but in such a way as to 
bring about orderly behavior in an animal (3) convulsne reflexes m which 
many or even all the muscles contract in an uncoordinated way This occurs 
after the injection of strychnine Reflex activit) is shown also by glands, 
smooth muscle, and cardiac muscle, this depends upon the autonomic nerv 
ous system, however, and is discussed later 

A rather simple example of the workings of an adjustive mechanism m 
humans is shown by the sequence of events which follows when a finger 
accidentally touches a hot object These events (which include the com 
ponents of a reflex arc) are as follows 

1 The skin receptors are stimulated by heat 

2 The resulting impulses are cjrned ov cr sensory neurons to the spinal cord 

3 Almost instantaneously the impulses are here passed over to motor neurons 
at the same level in the cord This may occur e ther directly or via the 
association neuron 

•j The motor neurons convey the impulses to the muscles which move the arm 

5 The muscles contract and move the arm thereby drawing the finger away 
from the hot object 



FIGURE 88 

The reflex arc The stimu 
lus at the receptor produces 
an impulse whch is earned 
to the cord by the senson 
neuron across the associat on 
neuron and back to the cf 
fector by way of the motor 
neuron 


All of these processes go on m an individual whose spinal cord has been 
Separated from the brain In other words consciousness is unnecessar) 
the processes occur in its absence Such a sequence constitutes a reflex am 
and it has at least four and usually five components These are receptor 
sensor) or afferent neuron association neuron (this may or maj not be in 
eluded), motor or efferent neuron and effector The time involved from 
the moment of application of the stimulus to the beginning of the reaction 
as hnoun as the reflex time (or reaction time) 


SPREADING OR IRRADIATION OF REFLEXES 
There are two ways m which spreading or irradiation of reflex impulses may 
be brought about (. ) bv the use of slrvchn.ne which affects the svnapses 
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the cord (this has already been discussed), or (2) by increasing the intensity 
of the stimulus, thus affecting more of the sensory neurons 
If the hind foot of a spinal frog (one m which the brain has been de 
stroyed) is stimulated by means of a current of low intensity, the animal 
will respond simply by withdrawing the foot If the stimulus is an intense 
one, not only is the foot jerked away, but the muscles of the opposite leg and 
foot contract also Even the muscles of the forelegs and trunk may show 
activity This experiment indicates that the impulses which had passed 
over the sensory nerve from the foot to the cord are transferred to association 
neurons within the cord, which pass to the opposite side and make synapse 
with the motor neurons there as well as with motor neurons on the same 
side This is not all, however, for some of the impulses may be carried by 
way of other association neurons, to higher or lower levels in the cord 

CONDUCTION IN THE CORD 

The segmental arrangement of the central cord in the low er animals (espe 
cially invertebrates) is obvious, also, it is primitive in that each ganglion regu 
lates the activity of the segment in which it lies It has already been noted 
that in the spinal cord of man the thirty one pairs of spinal nerves designate 
a segmentation (metamerism) by their arrangement along the cord How 
ever, although some simple spinal reflexes may be controlled by a particular 
segment or segments, it is found that, for the most part, the reflexes are 
more closelj correlated than this, and that control over the general behavior 
of an animal is centered in the brain This means that the spinal cord must 
have within it conducting pathways to and from various levels in the cord 
as well as pathways to and from the higher centers in the brain These 
pathways are found in the white matter which contains both motor and 
sensory fibers The fibers are medullatcd but ev idently possess no ncun 
lemma and are contained within tubes which are formed by the surrounding 
tissue On each side of the spinal cord (which is divided b) the dorsal and 
ventral fissures — indentations or depressions) there arc three mam columns 
or funiculi (Figure 89) (1 ) one between the ventral fissure and the ventral 
horn, (z) one lateral to the gray matter and (3) one between the dorsal fis 
sure and the dorsal horn 


NERVE TRACTS 

The spinal nerve tracts (fasicuh) containing nerves that cany impulses to 
and from the bram, are located within the mam columns or funiculi of the 
cord The white matter of the cold decreases progressive!) towards the tip 
Tins, naturall) , would be expected because there are neuron fibers entering 
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reflexes are lost in the area which was innervated by the nerves of the cord 
below the cut Naturally, because of the fact that the brain connections are 
severed sensation is permanently lost in the area mentioned above as is the 
ability to contract the muscles voluntarily However, many of the spinal 
reflexes reappear after the symptoms of shock have disappeared 

INHERENT PATHWAYS 

Animals have inherent patterns within their nervous systems which deter 
mine to a limited degree the pathways that each particular impulse will fol 
low A stimulus applied to a receptor will almost always arouse the same 
reflex response although this docs not mean that there is only one pathway 
open to impulses coming over each sensory neuron, that is, these pathways 
are not rigidly fixed If they were, there would be no spreading of reflexes, 
and an animal would be unable to protect itself fully The application of a 
stimulus to the human eye furnishes a good illustration of this if a small 
particle is carried in the air towards a person’s eye he may wink, if a large 
object such as an insect approaches the same eye, he may turn his head to 
one side if the object should happen to be a stone, he would probably dodge 
by bending the upper part of the bodv to one side The impulses travel in 
every case over the same sensory nerve, the optic nerve Thus, it is obvious 
that the sensory neurons of the optic nerve do not necessarily pass all of then 
impulses to the same group of motor neurons such as the one that leads to 
the eye muscles used m winking Actuallv, these impulses may proceed 
over many association and other motor fibers and may finally terminate in 
muscles far distant from the eye This is true of the nervous system as a 
whole there are so many possible connections among all the neurons that 
impulses flowing over any sensory neuron may ultimately proceed over anv 
motor neuron The fact that they do not usually do this is due to the 
presence of the innate pathways that are usually open to certain impulses 
that is, certain dendrites are more accessible to the end brush of certain neu 
rons than others However, if the impulses are numerous enough, they 
may pass over to the dendrites of motor neurons that arc not so accessible 

SUMMATION FACILITATION AND INHIBITION OF REFLEXES 

Many times a summation of stimuli seems to be the most favorable method 
of starting a reflex response, that is, many stibmmimal stimuli applied to a 
receptor may be cffcctiv e, whereas a single strong stimulus nny not be The 
subject of summation of submmimal stimuli has already been touched upon 
m the discussion of muscle action 

It is thought that a substance is produced at the tips or synapses of the 
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none endings (see autonomic system) which transmits the excitatoiy process 
across the synapse Summation of stimuli, then simply means that whereas 
with one stimulus, an insufficient quantity of the substance (for example, 
acctvlcliolmc) is produced, on the other hand with many rapidly repeated 
stimuli, a large enough quantity is formed to elicit the response 

When one stimulus results in a rather weak response, this response mav 
be strengthened b\ the simultaneous application of an entirely different 
stimulus Tor example, a much greater response is obtained with the knee 
jerk if the subject at the S3mc time is subjected to another stimulus, such as 
clenching his fist, hearing a loud noise, reading a newspaper, or a similar 
ictiou The term facilitation or reinforcement ma\ be used for this phe 
nomcnon 

Reflexes can be inhibited \oluntanIy (cerebral inhibition) Also, the\ 
arc sometimes inhibited by simultaneous afferent impulses Tor example, 
sneezing can often be prevented bv apphing pressure to the upper lip or by 
rubbing the nose If the imtabihtv of the nervous system as a whole is de 
creased as during sleep or narcosis, reflexes are inhibited and abolished The 
abdominal and patellar reflexes are the first to disappear under these condi 
tions, the cornea] and rctiml arc the last to vanish 


FATIGUE 

Nerve axons are practically immune to fatigue It is impossible to fatigue 
them if they are receiving their proper oxygen and food supply by xsay of the 
blood stream On the other hand it is found that reflex responses are sen 
susceptible to fatigue It should be kept in mind that in dealing with reflex 
arc constituents the cell bodies of the nerses must be considered as veil as 
the axons The former have a much greater metabolic rate than the latter 
which max, at least partly, explain the onset of fatigue It has been found 
that fatigue first appears m the spinal cord and since it is known that the 
axons themselves do not fatigue it probably occurs at the synapse Ex. 
dently the resistance at the synapse is mcreased as more and more impulses 
haxel over it until finally the resistance ,s too great for the impulses to pass 
Perhaps there is no longer production of acetylcholine at the tips of he 
axons, this xvould present the passage of the impulse oxer the synapse if it 
depends upon chemical mediation or transmission (page 178) 

AFTER DISCHARGE 

Impulses, xvhich result m muscle contractions, may continue to cause con 
tactions long after the stimulus has ceased this continued discharge of im 
pulses is called after discharge 
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It has been pointed out that most, if not all, muscle contractions are 
tetanic contractions and not single contractions That is, when an arm is 
raised it is done by means of many muscles contracting simultaneously, but 
it is a smooth, steady contraction and relaxation which can be accomplished 
only by the reception of many impulses (volleys of impulses) in the muscles 
Reflex responses are brought about by volleys of impulses causing contrac 
tions that may last several seconds, followed by a gradual relaxation which 
also may take se\ eral seconds For example, when the finger is pricked w ith 
a pm, the series of contractions necessan to pull the hand away from the 
source of stimulation continues long after the stimulation has ceased In 
other words, a single stimulation applied to a receptor causes an impulse (or a 
single volley of impulses) to pass over the sensory neurons The motor neu 
rons which lead from the sensory neurons may continue to discharge im 
pulses for some time after the original stimulus or, much more likely, in the 
central nervous system, the motor neurons are stimulated by impulses arnv 
ing from sensory neurons m a sort of closed ring circuit arrangement as shown 
in Figure 90 This continued activity of the motor nerves after the stimulus 
has been removed is referred to as after discharge 



FIGURE 90 

The hypothetical closed nng circuit 
which might account for after ds 
charge of impulses from the motor 
nenc A which would receive stim 
uli from tlic sensory nerve B 
through mterneurons of the chain 

c, c, c, c, c. c. 


SPINAL REFLEXES IN MAMMALS 

The spinal cord lias two mam functions ( 1 ) il acts as a reflex center, and 
( 2 ) it conducts impulses to and from the brain and thus, is instrumental in 
correlating the actions of the peripheral structures w ith those of the cerebrum 
and other parts of the brain 

In order to study spinal reflexes experimentally, the brain of an animal 
may be icnioscd Such an 3nimal is called a spinal animal and is prepared 
by $c\cnng the spinal cord from the brain just behind the medulla In tins 
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waj disturbing factors from the higher ncr\c centers are removed If a 
mammal is used such as a dog or cat it can be decapitated under anesthesia 
if great circ is taken to tic off the blood vessels As mentioned previously, 
the more complex the animal used the more difficult it is to keep it alive 
under these conditions Respiration cciscs immediately on severing of the 
spinal cord at this point because the centers that control respiratory move 
ments arc m the medulla The temperature regulator) centers are in the 
thalamus so tint the spinal mammal actuallj becomes a poihilotherm (cold 
blooded) However if proper artificial respiration and warmth are applied 
it can be kept alive for a period var>ing from several hours to several davs 
The blood pressure falls immcdiatel) after the operation and many of the 
spinal reflexes are abolished a condition existing in spinal shock (page 152) 
but return after a few hours Although the blood pressure never again 
reaches normal it is sufficient to maintain an adequate supply of blood for 
the tissues especially for the cord 

In a dog which has undergone such a radical operation the action of sev 
eral reflexes can be readilj observed Three well known spinal reflexes can 
be demonstrated if the body of the dog is placed in a position that allows 
the limbs to bang free Tins can be done by strapping it to a plank held 
high enough to allow free movement of the legs 


flexor Reflex 

When skin receptors of touch temperature or pain are stimulated over a 
wide area of a limb the resulting withdrawal of the limb from the stimulus 
is known as a flexor reflex 

If the toe of one of the limbs of the spinal dog is stimulated (pinching 
pricking with needle or the like) the limb is drawn away after a brief latent 
Period In nature this is a protective reflex m that it causes various muscles 
of the thigh and lower leg to contract and in this way flex the hmb to draw 
it away from danger or painful stimulation The latent period of all reflexes 
>s long compared with the time required to pass over the nerve axon alone 
This is owing to the fact that the impulse travels comparative^ slowly over 
the synapse In a reflex arc then the latent period is the time consumed 
bv the impulse ,n traveling over all the nerve fibers involved and in passing 
over the synapses in the spinal cord 


The Scratch Reflex , , 

Everyone who has patted or scratched a dog on .ts side has observed the 
scratch reflex The hind leg on the s.de st, mulcted beg, ns to produce 
scratching movements that are fairly accurate in locating the area patted 



138 


NERVOUS COORDINATION 


This accuracy might lead one to believe that the scratching is voluntary 
This is not the case, however, for it is found that the headless animal de 
scribed above will respond in the same manner The placement of the paw 
is not as accurate and the muscular contractions arc not as powerful as the 
reactions in the normal animal The fact that the paw of the spin’ll dog 
is not able to locate the spot on its side that has been stimulated but waves 
about in the air is an indication of the importance of the higher brain cen 
ters in the refinement of reflex movements These centers are also irnpor 
tant in producing more powerful contractions than those produced in the 
spinal animal 

Crossed Extension or Mark Time Reflex 

If the animal preparation used in the experiment is in good condition and 
does not show the effects of shock too greitlv , the crossed extension or mark 
time reflex may be associated with the flexor reflex In the former reflex 
the action of an opposite limb seems to stimulate action in the other That 
is when the left leg flexes the right leg extends and vice \ ersa As in other 
reflex movements these are less powerful than the walking movements which 
they resemble 

The flexor and mark time reflexes are excellent illustrations of reciprocal 
innenation (or reciprocal inhibition ) Whenever the flexor muscles (those 
that bend a limb) of the leg contract the extensor muscles (those that 
extend the limb) relax or vice versa this type of action prevents wasteful 
effort on the part of one muscle as it tends to pull against the other Fvi 
dently, when the flexors receive the impulses from the brain the extensors 
are relaxed since they are not being stimulated or when the extensors rc 
ceive the impulses the opposite reaction occurs Contraction of the one 
set of muscles inhibits the contraction of the other but the inhibition is 
evidently brought about as stated that is the failure of impulses to excite 
the one muscle or the other There ire no special inhibitory nerves m the 
central nervous svstem or no special inhibitory impulses it is merely a mat 
ter of few er impulses coming ov er the nerves that lead to the mactiv e muscles 
The flexion and extension of the limbs of a spinal animal when the mark 
time reflex is evident is much more complex In this case it is found that 
not only docs the contraction of the flexor muscle seem to prevent impulses 
from getting to the extensor muscles of the same limb but also it seems to 
inhibit contraction of flexor muscles m the opposite limb (the impulse then 
going to the extensors of this limb) Thus, when one leg is flexed the other 
is extended 
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Tfie Knee Jerk or Patellar Reflex 

The knee jerk is probabl) the best known of all spinal reflexes It is a 
simple reflex that occurs when the patellar tendon is suddenly stretched 
(the receptors are withm the tendon) and causes extension of the leg b\ 
contraction of the quadriceps muscle (of the upper part of the leg) Be 
cause of the verv short reaction time, the response was thought to occur bv 
means of some direct, local effect the stimulus had on the muscle, causing 
it to contract The reflex disappears, however m the presence of certain 
diseases affecting the nervous svstem It is abolished also b) cutting either 
the dorsal or ventral roots of the spinal nerves that innervate the hind limb 
In the normal animal, the knee jerk is elicited bv means of a single vollev 
of impulses so that the tendenev to tetanic contraction in the muscle is hardh 
noticeable However, it is tetanic, although verv short 
The knee jerk is absent usuallv, onlv when some pathological condition 
exists It is used chmcallv along with other tendon reflexes (such as the 
tendon aclnlles reflex — ankle jerk) m the detection of certain nervous dis 
orders, such as paresis and tabes dorsalis of svphilis poliomv ehtis or media m 
cal injurv to the corticospinal tracts of the cord 

If other tendon reflexes are present while the knee jerk is absent, it means 
tliat the lesion is more or less localized (that is within the teflex arc itself 
or anv part of it), but if other tendon reflexes also are absent then the nerv 
ous disorder mav be found in the brain itself or it mav l>c due to asphvxia 
narcosis, etc The reflex is exaggerated if a lesion appears in the pvT3midai 
tracts (Figure 89 page 1 33 ) between the brain and the lumbar region of the 
spinal cord (this condition would be analogous to that of a spinal animal 
in so far as the patellar reflex is concerned) The knee |crk has probabh re 
ccived more attention than anv other reflex because of carlv recognition of 
its clinical value. Other reflexes arc considered later when the significance 
of their appearance in certain functions is discussed 

ADDITIONAL READING 

Pulton, J r Pfc)sro/og> of the \enmis System :ndcd (New 1 oil Oxfo-d Uni 
versttv Press 1943) chs 6-8 Reflexes of the spinal cord 
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GENERAL STRUCTURE OF THE BRAIN 

In the early embryo the nenous system first makes its appearance as a 
simple tubular structure called the neural tube The brain is derived from 
this structure Early in development the walls of the tube are very thin 
but soon cells (neuroblasts) are formed that produce neurons and others 


FIGURE 91 

Diagram of the embryonic brain 
and neural tube The fortbrain 
develops into the cerebral licmi 
spheres the neural tube into the 
spiml cord As the cerebrum 
de\ clops it folds bach and cn 
\ elopes most of the nndbram 
and hindbrain 

(spongioblasts) that produce neuroglia which is the supporting tissue of 
thcncrvoussvstcm At the anterior or head end of the primitive neural tube 
the brain makes its first appearance in the formation of three dilations 

1 J orebrain 

a 1 clcnccphalon 
b Dicnccphiion 

2 Midbrain 

Mesencephalon 

3 Hindbrain 

a Mctcnccphalon 
b Mv clcnccphalon (Medulla) 

Throughout tins development, the hollow tubclikc structure is retained 
and in the region of the original dilations, the cavities form the ventricles of 
t« 
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the brain Actually this linear arrangement of the final fi\c segments is 
maintained although it is less obvious owing to the foldings ( flexures ) and 
irregular thickenings of the walls which enable the structures to fit into the 
confines of the skull 


MEMBRANES OF THE BRAIN 

The cerebral hemispheres when fully developed form the largest part 
of the brain Surrounding it are three layers of connectiv e tissue which have 



a protective function These are the membranes or meninges of the brain 
and extend backwards to surround the spinal cord which is continuous with 
the brain 

In direct contact with and following the contours of the brain and cord is 
the membrane called pia mater containing mam blood vessels The dura 
mater the outermost membrane is in contact with the periosteum of the 
skull It is made up of strong fibrous connective tissue which forms numcr 
ous partitions giving further support and protection to the different parts 
of the brain 

The arachnoid la) er found betw ccn the dura and the pia mater is a rather 
delicate, transparent membrane and is in direct contact with the dura mater 
Between the arachnoid laver and the pia miter is the subarachnoid space 
w Inch Ins direct communicition with the ventricles of the brain and winch 
contains cerebrospinal fluid a colorless Ivmphhkc liquid The qinnhtv 
vanes between 60 md -oo cc according to the age and si?c of the individual 
and is under pressure within the ventricles 

SIZE OF CEREBRUM 

Inman the largest division of the brain is the cerebrum which if viewed 
from above covers all other structures of the brain The cerebrum con 
tains about ten to twelve billion neurons which is about three fourths of all 
the nervous tissue m the bodv It weighs approximate i.co-i,-c g 
which is at least twice the weight of the ccrcbmm of the large apes rclatnclv 
spelling man has an extreme!* large cerebrum It seems certain tint the 
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proportionate size of the human brai 
hgence reached by man placing him 



BRA N OF IDIOT 


is connected with the degree of mtel 
iove other animals However, within 
the race itself, size is reall) no index 
of intelligence, the genius does not 
necessarily ha\c a larger brain than 
the idiot although idiots usualh 
have extremely small brains The 
smallest brain e\er reported for the 
human race weighed about 369 g 
and w as that of an idiot, but the larg 
est e\er reported weighed 2850 g 
and was also the brain of an idiot 

EXTERNAL STRUCTURE OF CEREBRUM 
Very few structures are noticeable 
on the external surface of the brain 
The cerebrum, the largest portion, is 
divided into two hemispheres by a 
deep longitudinal fissure Manv 
smaller fissures are seen on the sur 


FIGURE 93 * ace ^ ut SOme are n0t S0 ^ ee pty P ene 

trating as others these latter are re 
B “‘”' ° f a hydioccph.l.c idiot (weight f d , convolutmns In each 
800 grams) a normal human (1200- 

1500 grams) and an idiot (370 gnms) hemisphere there are other rather 
deep fissures — the fissure of Rolando 
and the fissure of Syluus — which make excellent landmarks for locahza 
tion studies The fissure of Rolando lies slightly anterior to the midregion 
of the cerebrum The tissue directly in front of it functions in motor actions 
at various points in the body whereas that immediately posterior to the 
fissure is concerned with sensation 


The convolutions greatly increase the surface of the cerebrum, especially 
the outermost gray area— the cerebral cortex which in man has an area of 
about 2 sq ft The cortex is about 2 to 3 mm thick and is gray in color 
because of the presence of unmy ehnated cell bodies Microscopically these 
cells are found in several layers the large cells are called pyramidal cells be 
cause of then shape Usually there are about six layers of cells in the cortex 
of mammals Aside from the cortex the rest of the nerv ous tissue of the 


cerebrum is made up of white matter consisting of billions of mv elmated 
nerve fibers some of which cross back and forth within the cerebrum itself 
and others winch lead down from the cortex to the brain stem and spinal 




FIGURE 94 

Upper surface of cerebrum 


FIGURE 95 

Pyramidal cell of cerebral cortex 


cord By means of these fibers an> part of the cortex seems to has e connec 
tion with almost any other part as well as with affectors and effectors in the 
peripheral parts of the body 

Using the deeper fissures as dn.drng lines, each cerebral hemisphere can 
be marled off into four lobes (.) The frontal lobe which tales up 
the entire region anterior to the fissure of Rolando or central fissure, (>) the 
parietal lobe which lies posterior to this fissure and continues to, (3) the 
occipital lobe which is not separated from the parietal b) a deep fissure but 
rather by a slight indentation of the surface in tins posterior region, (4) the 
temporal lobe winch lies below the fissure of Sylsrus or the lateral fissure 


the cranial nerves 

If the brain is evposed from below, man, more structures come into new 
(Figure 97 ), most conspicuous of w Inch arc the tuchc pans of crania nerses 
These nets cs participate in mam redes actions of the bods , some of wind, arc 
discussed in Chapter .= Some of them arc made up of sensory neurons 
only (olfactory, opt, a, acousl.c), others almost cntrrch of motor neurons 
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( oculomotor , trochlear, abducens, accessory and hypoglossal), and still 
others have both motor and sensory neurons They are numbered accord 
mg to their position, the first pair being the most anterior These nerves, 
their components and their innervations are give m Table 2 (pages 146-47) 



FIGURE 96 

Side \ie\v of cerebrum showing 
lobes 


Man> of the most important reflexes depend on the cranial nerves The 
impulses that pass over the cranial sensor) neurons after stimulation of the 
receptors enables one to experience sensations of vision, taste, smell, sound 
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and touch, of movement, and position m space Some of the impulses from 
the sensory areas of the brain may continue via motor neurons to glands or 
muscles which, as a result, are made to secrete or to contract, respectively 
In fact, excitation of any sensor) S)Stcm may have an effect on almost any 
part of the body 

THE BRAIN STEM 

The lowest and most primitive part of the brain stem is the medulla 
oblongata which appears to be merelv an expansion of the spinal cord The 
medulla contains man) of the centers that regulate the vital organs Here 
are found areas that control breathing movements, rate of heartbeat, blood 
pressure (vasomotor), salivary secretion from parotid glands (these lie lm 
mediate!) in front of the ear and become swollen and painful in mumps ), 
swallowing (movements of tongue and bach of throat), masticating (or 
chewing) reflex, vomiting reflex (activity of stomach, esophagus, muscles 
of abdominal wall, diaphragm), and coughing, sneezing tear secretion and 
blink reflexes 

The moundlihe structures on either side of the ventral mid line of the 
medulla are referred to as the pyramids The) contain important motor 
nerve fibers which originate in the motor area of the cerebral cortex Many 
fibers cross over at this point ( pyramidal decussation ) and proceed down 
the spinal cord as the pyramidal tracts eventuall) innervating skeletal mus 
cles by making s)napses with various motor neurons leading to them This 
explains how the left side of the brain controls the contraction of muscles on 
the right side and vice versa Sensor) fibers may also do this so that loss of 
sensation on the right side of the bod) means that the lesion which causes it 
may be found on the left side of the cerebrum 
The bridgelike structure that appears to connect the two cerebral hemi 
spheres is known as the pons It carries medullated fibers which lead to 
the opposite cerebral cortex and cerebellar cortex The pons and the cere 
bellum are part of the hindbrain (Figure 98) 

The cerebral peduncles are found in the midbram and connect the fore 
brain with the hindbrain The> consist of medullated fibers leading from 
the cerebral hemispheres to the spinal coid 

INTERNAL STRUCTURE AND FUNCTION OF THE BRAIN 
In Tigure 98 a median section shows the internal structure of the brain 
the corpus callosum appearing to be the most conspicuous portion The 
upper surface of tins structure can be seen in an intact cerebrum bv spread 
mg the two hemispheres apart at the longitudinal fissure The corpus cal 
losum is verv firm compared with the other parts of the brain It consists 



TABLE 2 

The Cron ol Nerre* end the Orgons Which They Innervote 
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AWucens Musdcs of ejcball (mus Muscles of eyeball Movement of cjeball Possible strabismus 

clc sense) (crosseyed) 
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of bands of fibers, connecting one cerebral hemisphere with the other, which 
evidently function m coordinating the two halves The third ventricle, 
from which lead the two lateral ventricles (not visible in median section) via 
the foramina of Monroe lies just below the corpus callosum and leads into 
the fourth ventrtcle posteriorly, via the cerebral aqueduct The latter is a 


FIGURE 98 

Median section of brain showing 
relationships of various structures 

rather narrow tubelihe structure above which are two pairs of very important 
bodies, the superior and inferior colliculi, which as a group are referred to as 
the corpora quadngemma Pathways from the retina of the eye lead into 
the superior colliculi where they make svnapses with motor neurons leading 
out by way of cranial or spinal nerves In the same w ay auditory fibers lead 
into the inferior colliculi where thcv also pass their impulses on to motor 
fibers 

The thalamus is another organ of importance as a 4 receiving station It 
is intimately connected with the striate body ( corpus striatum ) which con 
sists of two distinct masses of nerve cells, the caudate nucleus and the lenti 
cular nucleus (a nucleus, in this sense, is similar to a ganglion except that it 
is contained within the brain whereas a ganglion is external to the bum or 
cord) There is also a richness of connections, m both ingoing and out 
going fibers between the thalamus and the cerebral cortex These consist 
of optic, auditory, cutaneous and other sensor) tracts The thalamus and 
striate bod) together hav e been regarded b> some as a subsidiarv cerebral cor 
tex There arc manv nuclei within the thalamic region, some of them 
appear to pla\ important roles in complex muscular movements 

THE THALAMO STRIATE BODY 

In lower mammals, the entue cerebral cortex may be removed and the 
animal will continue to live normall) in mam respects, hut all coordination 
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the brain and its functions 
scans to be lost if the ' tlnlamostn itc bmn ( the thalamus and striate body ) 
is removed In hmmns along with otlicr functions it evidently controls 
emotional movements concerned with laughing and crying Injur) to this 
bod\ results also in an imbihtv to stand erect when the eyes arc closed a 
symptom characteristic of tabes dorsalis a degenerative condition associ 
Jted with svphths 

It is believed tint m hmmns the thalamostriate bodv maj often carry on 
functions that were formcrh centered in the cerebral cortex that is, injur) 
of a particular part of the motor cortex ma) not ncccssanl) cause paral)sis 
of the muscles controlled bv that part since the thalamostriate body cvidcntl) 
tabes over the control 


THE HYPOTHALAMUS 

The h)potha 1 amt»s lies below the third ventricle and contains several 
phvsiological centers Afferent fibers icach it from the cerebral cortex thala 
mus, and bram stem, and efferent fibers lead from it to the thalamus, brain 
stem, cord and pituitary gland In its anterior portion are found several 
centers (1 ) the parasympathetic center so-called because upon stimulation 
of this area several activities associated with paras) mpathetic stimulation are 
produced such as slowing of the heart, hypennsuhnemia (high concentra 
tion of insulin in blood), and urination, (2) the carbohydrate regulating 
center, (3) the sleep center , (4) the hunger center, (5) a heat regulating 
center (decreases temperature) in that stimulation results in sweating and 
hence the dissipation of heat and (6) a center located in the hypothalamus 
which regulates the production of the antidiuretic hormone of the posterior 
pituitarv A lesion in tins particular area maj result in a great increase in 
urine flow (a S)mptom of diabetes insipidus) 

In the posterior part of the hypothalamus are found several centers antag 
omstic to those of the anterior, namely (1) the sympathetic center, (2) the 
cardio accelerator center, (3) the vasoconstrictor center (4) the heat regu 
lahng center (increases temperature) and (5) a fat metabolism center 
The noticeable autonomic effects brought about by thought (emotional) 
may be owing then to the effects of impulses produced m the cerebral cortex 
upon the hypothalamus 
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up of medullated fibers for the most part On the other hand, the cerebrum 
and other areas of the bmn contain mam “centers” (some of these have 
been mapped out especially for the cortical regions) which exercise the 
power of control over all parts of the body These centers are made up of 
‘gray” matter and consist of un medulla ted parts such as cell bodies, and den 
dntes of the nerve cells Obviously, then, the so called “white” matter 
functions in the conduction of impulses whereas the “gray” matter functions 
in control and integration 

CEREBRAL FUNCTION IN VARIOUS VERTEBRATE TYPES 
It has been pointed out previously that ascending from the lowest to the 
highest vertebrates, the deselopment of the cerebrum becomes more and 
more marked, compared with other structures in the brains of animals, such 
as olfactory lobes, optic lobes, and so forth In figure 99, the brain of a 



FIGURE 99 

A comparison of the brains of \anous scitebrates 

fish, frog, reptile, bird and man are shown and illustrate these differences 
It is the possession of a well developed cerebrum (cerebral cortex) that enn 
bles the human race to excel all other animals in intelligence Flic fact that 
the lower vertebrates do not depend ver\ much on the cerebrum can be 
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demonstrated b\ removing this part of the brain and observing the general 
behavior of the animal 

If the cerebrum of a fish is removed there is very little change m the 
animals reactions It shows the same ability to move and swam about as 
a normal animal It can discrimimtc between food material and undesira 
blc objects Such a fish nnv tend to be somewhat inactive compared to 
others but it will mingle with them and cannot be distinguished from them 
Tire removal of the cerebrum of the frog also shows very little effect on its 
bchav lor if care is taken not to injure the midbrain It can jump sw lm and 
maintain a normal posture It will avoid obstacles that have been placed 
in its wav Most of these reactions arc shown however, only when the am 
mal is stimulated Otherwise it tends to be inactive evidently because if 
docs not benefit from past experiences without its cerebrum In a frog 
'vitli an intact forebram or cerebrum the croaking reflex is definitely under 
'oluntary control In the absence of the cerebrum however there appears 
to be very little inhibition, and the frog wall croak if its back or sides arc 
stroked 

The effects of removal of the cerebrum in birds are much more obvious 
than m the case of the lower forms just discussed Immediately following 
the operation and for some time after the bird is v ery inactive It remains 
at rest standing on one leg with its bill buried in its breast Occasionally 
it will stretch itself or walk about Of course if the bird is forced into other 
activity it will respond automatically Tlius if it is thrown into the air it 
will fly or if placed on its back it will right itself but it does not make spon 
taneous movements except for those mentioned abov e 

In the lower brain renters of the bird there appears in time to be a gradual 
development of other activities that had evidently been suppressed for even 
tually the bird apparently overcomes its inactive condition and will move 
about constantly It responds to many types of stimuli but will not eat 
unless food is placed in its mouth There is a complete loss of sex interest 
as well and a female will no longer care for its y oung 

The removal of the cerebrum in mammals is more difficult to perform 
than the removal of that m birds as might be expected Inv estigations have 
been carried out chiefly on dogs and cats Such animals may live for sev 
eral years They do not move about for many hours (or even several days) 
after the operation but soon periods of activity and inactivity reappear and 
the animals may move from one place to another spontaneously Dogs 
treated as described react to stimulation by snarling or barking and the ears 
may take on an erect position but they do not display any signs of recogm 
tion 
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Although removing the cerebrum of these \arious tvpes of animals inch 
cates that the effects become greater and more complex in higher mammals 
it can be concluded m a general way that all of these animals display the 
same general defects — a loss of memory and intelligence which results in 
a loss of normal bcha\ lor 

LOCALIZING REFLEX LEVELS OF THE CENTRAL NERVOUS SYSTEM 
There arc now standard procedures for demonstrating functions at \anous 
reflex lc\cls of the central nervous sssteni These consist of operations 
which im oh c sectioning the brain and coid enabling investigators to localize 


FIGURE 100 

Drain of a cat indicating the cuts 
necessary to produce a spinal am 
mal (G— 1 1 ) , a decerebrate ant 
mal ( I — I ) a nudbram animal 
(C-D) and a thalamic animal 
(A-B) (After Bond ) 

numerous functions The various cuts arc illustrated in figure ioo and 
consist of (1) A cut through the approximate point of union of the brain 
(medulla) and spnnl cord, such a section results m a spinal animal (2) A 
cut made between the medulla and nudbram, which contains the thalamus 
and mam surrounding nuclei, all of which would be removed in the opera 
tiou anamnnl so treated is called a decerebrate animal (3) A cut imdc 
through the nudbram between the thalamus and red nucleus (a rather vas 
cuhr area just posterior to the thalamus), resulting m a nudbram animal 
(^) A cut made above the thalamus, producing a thalamic animal 

Tk« Spmot Animal 

The spinal animal has been studied to some extent in a previous chapter 
It will liv c for sev cul hours to several davs with mans of its mechanisms func 
I inning nornulh. provided tint artificnl respiration and warmth arc applied 
to it It shows no outward signs of activitv ami remains motionless unless 
stimulated 

Hie animal is unaldc to breathe and will he Iimplv since there is a com 
p 1 c*c loss of imnctilat tone Its b’ood pressure wh eh decreases sen 
inailedh iiimrxliatcls following the op-rat urn l«cgi it to rue uruii soon 
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afterwards although it remains much less than it was normall), this indicates 
the presence of a vasomotor control center within the spinal cord 


The Decerebrate Animal 

If the cut is made just m front of the medulla 
as described above, a decerebrate preparation is 
obtained One of the outstanding characteristics 
is the appearance of an extreme tonus in the mus 
cles of the preparation The limbs become stiff 
and the condition is referred to as decerebrate 
rigidity ” Since the medulla is intact, all the re- 
flexes that w ere mentioned in a pre\ ious discussion 
of this structure are present m this animal It can 
breathe spontaneousl} and the activities of the 
other vital organs appear to be normal However, 
except for these reflexes, the animal does not 
move unless stimulated, and it is unable to mam 
tain its temperature at a proper level The 
important heat regulating center, as already 
pointed out, is placed at a still higher level in the 
brain 

The absence of inhibitory influences from higher 
brain levels is also characteristic of the decere 
brate preparation The respiratory movements 
are overactive, and a supertonus exists in the 
muscles because of the fact that control has been at 



FIGURE 101 

Spinal frog illustrating 
limpness due to loss of 
muscular tone a incision 
at which cord was severed 


least partly lost 

A drawing of a decerebrate cat is shown in Figure 10. 



FIGURE 102 

Sketch of a suspended decerebrate cat 
showing decerebrate rigidity 


The Midbrain Animal 

In the midbrain animal it will be recalled, the red 
it are left intact It was at one time thought that 


nucleus and others near 
the red nucleus was in 
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\ol\ed in proper muscular tone, because, when it is present, the animal does 
not show signs of rigidity However, it has been shown recently that the 
red nucleus can be removed separately from this part of the brain without 
the appearance of the rigid condition There are many other centers in 
the region of the red nucleus which might play a role in normal muscular 
tone It is now believed that a reticular area in the bulbar portion is respon 
sible far inhibition of this supertonus The midbram animal stands in an 
almost normal manner, as contrasted to the decerebrate animal which can 
not do so, and can right itself if placed on its bach Tins * righting reflex 
is not shown by the decerebrate or spinal animal Normal posture and 
standing m man depend upon other more complex factors such as the eye 
and its movements as well as the labyrinths of the inner ear 

The Thalamic Animal 

The thalamic animal, in which the section passes above the thalamus, 
possesses much more complex behavior patterns The nech and labyrui 
thine or inner ear reflexes, which function w balance and normal posture, 
are evident and muscle tonus is normal Spontaneous and coordinated 
movements are carried out by this animal such as stepping, walking, and the 
like, although usually it sits still and only occasional gets up and walks 
The movements it does carry out, however, are very effectively executed 

Temperature regulation is evidently controlled within the thalamic region, 
for the animal is capable of maintaining normal temperature In lower 
mammals the thalamus is the chief sensory center and is far more important 
to them m this capacitv than to man It is sometimes referred to as the 
optic thalamus m these animals because of its relation to vision Much 
more complex relationships exist in man 

Evidently the ability to feci pain is centered in the thalamus (as is also 
the appreciation of extreme temperatures) for if it is destroyed the power 
to feel pain is lost This is not true if the cerebral cortex is dcstroved, in 
which case, pain is felt but no distinction may be made between kinds and 
extremes of pain Thus, the cortex adds to the power of distinguishing be 
tween tvpes and intensities of pain 

THE CEREBRAL CORTEX 

The cerebrum has been regarded as the seat of consciousness since the 
tunc of Hippocrates (460-377 bc ) It was believed then that the power 
of imagination was centered in the frontal lobes, intelligence m the central 
portion, and memory in the occipital lobes of the cerebrum Tins centrali 
7ition of consciousness m several definite lobes or areas finallv led into the 
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pseudo science of phrenology, or the assumption that ability could be pre 
dieted b) noting the relative sizes of parts of the head These functions are 
now thought to be performed by certain rather \ague areas of the cortex 
of the cerebrum, called the association areas 

No longer arc separate parts of the cerebral cortex looked upon as having 
to do u ith “mmd ’ but the behav lor of the organism as a w hole is considered 
as an expression of the presence of mind The frontal lobes, for example, 
are no longer thought to be the seat of intelligence True enough, the idiot 
often lias extremely small frontal lobes, but in normal man, considerable 
areas of the frontal cortex have been injured without loss of intelligence 

The study of the functions of the cerebral cortex has been approached from 
several directions (i) In gross and microscopic anatomy are found dif 
ferenccs in normal and abnormal conditions of the cortex (2) In embiy 
ology, a study of the development of the cortex of individual animals mav 
be made and compared with their behavior (3) Comparative anatomv 
aids greatly in understanding various types and stages of cerebral develop 
ment as found in the different animals studied (4) By means of physio 
logical methods much can be learned about location of centers m the cerebral 
cortex This may be done by exposing the surface of the brain and stimulat 
ing the cortex Tins vvas first attempted by Fntsch and Hitzig in 1870, who 
stimulated the cortex of dogs with galvanic current Another method is 
to remove or destroy parts of the cortex and note the changes in behavior 
brought about by the removal In humans, clinical observations may be 
made on individuals who have suffered brain injuries or have been afflicted 
with lesions due to nervous disease 

All of the above methods have aided m localizing and understanding the 
functions of the v anous parts of the cortex 


THE MOTOR CORTEX AND MOTOR POINTS 
That part of the cortex which is situated at the posterior portion of the 
frontal lobes is referred to as the motor cortex, since it has been shown that 
stimulation of this area, ,nst anterior to the fissure of Rolando (central fis 
sure), on one side of the cortex causes moiement on the opposite side of the 
body 

Within the motor cortex ate found large pyarmial cells (Hgure 95) 
The, definite!) function in motor actn it' , since am lesion in the pi ram, dal 
tract, which leads from the cortex to le, els ofthe spinal cord, produces paiah 
sis of roluntar) moiement, tonus ,s still eudent, honeier, because affeen 
fibers still hare access to efferent fibers leading to muscles from the spmal 

cord 
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In mapping out the motor areas of man it is found that the motor points 
are arranged in a definite pattern, and in complete reversal to the regions of 
the body which are controlled by those areas It has been mentioned pre- 
viously (page 145) that voluntary movements of the right side of the body 
are initiated by activities of the left cerebral hemisphere In addition, if 
the cortex is stimulated with fine electrodes, from the medial surface of the 
cortex laterally, movements of the loner limbs will be observed first, then 
of the trunk, upper limbs and face, in that order Using this procedure, 
many motor points have been mapped out m the cortex (Tigure 103) 

The movements are remarkably similar to the movements produced volun 
tarily However, the reaction that is produced when a particular point is 
stimulated is not a I way s predictable Diffeient movements may be obtained 
by stimulating the same motor area under different conditions Tor ex 
ample, the degrees of narcosis, temperature and the like, v arymg from one 
stimulation period to the next, may bring about a change in response 

Much of the work on localization in motor areas has been done on the 
chimpanzee It has been shown that localization in man is very similar to 
that of this animal and other anthropoid apes These animals have been 
used especially in work concerned with the temov al of part of the cerebral 
cortex which is another means for demonstrating localization 

For example, if an area such as that designating an arm area m Tigurc 103 


FIGURE 103 

Surface Mew of cerebrum inch 
eating locations of motor and 
sensory areas 

is removed there is immediate loss of movement in the arm of the opposite 
side (sensations in this arm, however, still persist) Gradually, over a period 
of five to seven w eeks there is a recov ery of this lost power until the responses 
of the arm are almost normal again There is only a slight awkwardness and 
clumsiness of movement which distinguishes between the two arms Sim 
liar observations have been made on humans whose motor areas have been 
injured Here, also, there is a gradual recovery but the awkwardness is 
much more noticeable in man than m the apes 
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It is not known how tins phenomenon is accomplished, that is, how this 
gradual recov erj takes place There is no regeneration of the lost cortical 
region Perhaps some other part of the cortex takes over the function of 
the lost part, although e\ idence cannot be produced for this supposition, 
since there is no area on the motor surface of the cortex which when stim 
ulated elcctricall), brings about a response in the affected arm 


THE SENSORY CORTEX 

The sensor) areas of the cortex winch he within the parietal lobe behind 
the fissure of Rolando arc not so well defined as the motor areas The area 
lying immediately behind the Rolandic fissure, and parallel with the motor 
cortex, is c\ identlv the scat of cutaneous as well as deep sensations An am 
mal cannot express Ins sensations and for this reason it is obviously much 
more difficult to localize areas in the sensory regions of the cerebral cortex 
than m the motor, where muscular contraction is depended upon as an ex 
pression of conduction from a particular area Since such animals as the 
dog do respond to pain, centers for this t>pe of sensation may be found more 
readily than for other types 


the lobes of the brain 

The frontal lobe lias often been termed the seat of intelligence This 
conception probably dates bach to the time of the phrenologist Gall (i8ro) 
and later it became fashronable to ascr.be each specific function to a specific 
area m the bran, It had been noted that rdrots usually show atrophy of the 
frontal area of the cerebrum and also that lesrons and tumors produced in 
thrs area often affect the mtclhgence of the rndmdua h any nowbeheve 
however that intelligent behavior rs a funct.on vv.dely distributed through 
out the cerebral hemispheres and some even tahe the view that intelligence 
>s expressed only m the form of the behavior of the organism as a whole 
It is true that the thickness of the outer cell layer (cortex) of the fronta 
lobes seems to vary directly with the mental capacity of the md.vi u 
» also true of the cortex of the par, Cal lobe These two lob aside from 
their functions already described are also great a ' s °'* , ' ,on ‘ "J. " 
respect have considerable to do vv rth the mtellrgent behav ro : of ammak 
The cortex of the cental ^functions m ^ 

thalamus transfer the impulses comm to ^ ^ ^ ^ ^ 

tracts after decussation or crossing ove 1 1 occini f a i 

ehiasma (the area at which the “Ua the left occipital 

lobe receives impulses from the right s 
lobe, from the left side of each 
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A large part of the cortex of the temporal lobes is concerned with hear 
ing The structure of this region is quite similar to that of the visual area 
of the occipital lobe The nerves leading from the auditory end organs 
in the cochlea terminate in the temporal lobe The teceptors of the vesti 
bule (the entrance to the inner ear), which are concerned with equilibrium, 
also send fibers to this region 

INJURY TO THE CEREBRUM 

As has already been pointed out, injur}, removal or disease of a part of 
the cerebrum, may have an effect which \anes with the location and extent 
of injury, that is, injury to a small part of the motor or sensory area will re 
suit in paralysis or loss of sensation, respectively, in some region on the op 
posite side of the body Injury to the usual area of the occipital lobe ma\ 
result in blindness, to the temporal lobe, deafness, and to the anterior end 
of the temporal lobe, loss of the olfactory sense 
Aphasia or loss of power to speak may result if the speech centers of 
the frontal and temporal lobes arc injured Aphasia may exist as either a 
motor or sensorv malfunction In the fonner type, the individual is unable 
to speak but this is not caused bv paralvsis of the muscles concerned in ar 
ticulation On the contrary, owing to lesions in the cortical areas involved 
the person cannot utilize the association areas for producing integrated and 
coordinated mov ements of the muscles 

The sensory t\pe of aphasia may be owing to word blindness, the mabihtv 
to understand or comprehend written words, or to word deafness the in 
ability to comprehend spoken words 

THE CEREBELLUM 

The location of the cerebellum or little bmn’ and its close association 
with other bnm structures Ins already been described 

Fissures cover the surface of the cerebellum and arc of a much finer tcx 
turn than those of the cerebrum The gross internal structure of the ccrchcl 
lum is treelike, it consists of two hemispheres Which arc joined by means of 


FIGURE 104 

Sagittal section tbtmiglt the cerebellum show 
mg trreWe structure produced In fisMirev 
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a central portion— the a emits The cerebellum reaches its greatest dev elop 
ment m apes and man In reptiles and amphibians it is a rudimentary organ 
and its removal has no noticeable effect on the behavior of the organism 
In mammals, many functions have been assigned to it by various imestiga 
tors especially in the past It is now known to function in the coordination 
of muscular movements, both those concerned with voluntarv acts and those 
concerned with posture 

The cerebellum receives impulses from all parts of the nervous svstem 
Because of its intricate structure it presents reflex arcs of great complexitv 
Afferent fibers come to it bv wav of the spinal cord and medulla Efferent 
pathvvavs appear to have their beginnings in the peculiar Purkmje cells of the 
cerebellar cortex The Purkmje cell with its many ramifvmg dendrites is 
shown at A in Tigure 105 The axons from these cells pass dow n through 
the medullary layer, they are efferent neurons and all other neurons within 
the cerebellum are thought to be afferent 



FIGURE 105 

Dngram of a transverse section 
through a sn all area of the cere 
helium A external molctulu 
laser B m ddle granular laser 
C internal laser consisting of 
med Ila ted fibers 


From the clinical observations made on v annus 

H-mois orother.ntniicsofthe.ciebello ™ > 

has nothing to do with sensation and that tne , 

tram its injury nra) be due to loss of tone COIlex ha , e bcen 

An animal from uhich both the cer 1 ceiebclll , nl ) does not slims 

removed (that ,s, a thalamic animal mi 1^ ^ a qm[e sml 

any considerable change in behauor m<00rdimtl0 „ „ no t associated 

•lar to that of a normal animal Thus 



160 


NERVOUS COORDINATION 


with the removal of the cerebellum in a decorticate animal it appears as 
though the cerebellum exerts Us influence clucfls on xoluntan movement 
How (rver, c\en though it transmits the impulses which arc produced in the 
cerebral cortex, none of its activities enter into consciousness 
Lesions in certain areas of the cerebellum mas bring about an unstendv 
svvavmg and weakened type of mo\cmcnt That is the muscles on the 
same side of the bods as the injun mas lose their tone (u/ori) or hypotony ) 
Their contractions mas be weak (as therm) and unstcadv (astasia) and 
there mas be loss of purposeful action of the muscles (ataxia) 

Partial removal of the cerebellum produces a much greater effect thin 
complete removal because of the resulting unbalance of the former 1 hns 
a dog mas base much greater difHculty getting to a bon) of food when onU 
one half the cerebellum is removed than when both sides arc rcmo\cd 
In summannng it appears that the cerebellum functions 111 ( i ) coordina 
tion of voluntan movements and (z) tome conditions of skeletal muscles 
concerned with equilibrium 


ADDITIONAL READING 

kneg W J S functional \curoanatomy 2nd cd (Bhkiston 1955) c h 1 ^ 
Cerebral cortex 
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on a light placed near the eye and rings a bell, the pupils of his eyes will con* 
tract because of the light effect If, at the word relax/ the subject releases 
his grip, the light goes ouh and the bell stops ringing the pupils expand 
After numerous repetitions, it has been found that ringing the bell or mere!) 
saying contract with no light or bell causes the pupils of some individuals 
to contract and the word ‘relax causes them to expand 
There are many examples of conditioned reflexes serving man in a pur 
poseful way As a matter of fact, nearly all mammalian behavior is based 
upon conditioned responses such as learning to perform a skillful mampula 
tion, as the athlete learns to respond immediately to certain conditions, or 
as the child learns to carry out even day activity by repeated performance 
The rate of learning depends upon the rate at which conditioned reflexes 
may be developed 


THE PHYSIOLOGY OF SLEEP 

Most animals have periods of rest and periods of activity which are more 
or less rhythmically regulated Sleep in higher animals compares favorably 
with the rest period of lower forms The common earthworm is said to 
exhibit four periods of rest during each twenty four hours If it is cut in 
two, each half continues to exhibit these four periods indicating that the 
brain or anterior ganglion centers are unnecessary In mammals, however 
it is found that when a cut is made between the spinal cord and brain, the 
posterior part of the body shows nothing that might be interpreted as pen 
odic sleep where is the anterior part continues to go through periods of rest 
and activity These observations indicate that although rest does not ap 
pear to be the function of higher nervous centers in lower animals, it is asso 
ented with brain function of mammals and buds 

In order to overcome the effects of fatigue and exhaustion, it is apparent 
that activity must sooner or Jatcr be followed by rest It is said tint the 
human adult requires seven to eight hours sleep every twentv four hours 
This figure naturalh meets with considerable variation Generally spcih 
mg however, children require much more sleep than adults their activiti 
is great and their stored energy relative!* small compared with that of the 
adult Their periods of recuperation are, therefore, much longer In old 
a^c on the other hand, lowered metabolic rate and decreased activity are 
found therefore, the need for sleep lessens 

Tire desire to sleep rs manifested hr lien incss • of (he cschds, drsness 
of (he crcs, and difficult) in fixing attention Norm-ills 11ns stale sooner 
or later gis’cs ss-as to unconsciousness at sshrch tunc flic cerebral cortex is 
not s rsrbls affected b> external or internal stimuli Hie cxcitahihts of mans 
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reflexes is diminished during sleep Some, such as the knee jerk (patellar 
reflex), disappear completely as a result of the loss of muscle tone 

CHARACTERISTICS OF SLEEP 

The onset of sleep is favored by relaxation, quiet, and darkness These 
conditions naturalh protect the sense organs from external stimuli, and thus 
the cortex is not called upon to work The eyelids are drawn together and 
the eyeballs are rolled upward and inward The pupils of the eye are con 
stncted during sleep, this is one way of differentiating between true and 
feigned sleep 

Sleep is characterized bv changes m the usual activity of many organs 
Respiration usually becomes slower and more regular These respiratorv 
movements are often accompanied by noises (snoring) produced by the air 
passing over and causing vibrations of the uvula and the folds of the larynx 
which are readily affected because of their almost completely relaxed condi 
tion During the onset of sleep, respiratory movements may be irregular 
and jerkv due to irregularity of the speed at which loss of consciousness 
occurs 

During sleep the frequency of the heartbeat is greatly reduced and the 
blood pressure lowered, except during periods of dreaming when both mav 
increase to a point above normal The volume of various parts of the bodv 
especially the limbs, increases during sleep which suggests that the blood 
vessels in these structures become dilated The basal metabolic rate is re 
duced considerably (by almost 10 per cent) There is also a shghtlv lowered 
body temperature and decrease in muscular activity (tonic and tetanic) 
Dreaming mav cause considerable variation m basal metabolism and is one 
reason why the basal metabolic rate is not measured during sleep Another 
reason is that in spite of lowered tonus, movements occur frequcntlv in chang 
mg position during sleep (about every ro to 30 min ), this would make the 
metabolic rate very irregular 


DEPTH OF SLEEP 

Depth of sleep is vei) irregular It cm be determined bi finding the 
mtcnsih of a stimulus, usuallj of sound, ncccssan to mral.cn the sub|cct 
Naturalh, there is considerable sanation in different sublets but in general 
the results silueb can be expressed in the form of a graph, sliou that depth 
of sleep increases stcad.lv md reaches its maximum somewhere between one 
to two hours after rts beginning It then decreases to a point where sleep 
is \crv shallow for two or three hours but the depth mas increase shgllth 
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again at the fifth or sixth hour after which it decreases and remains shallow 
until the subject awakens 



FIGURE 106 

Graph showing approximately the depth of sleep at \anous periods 
after its onset In the a\ erage individual greatest depth evidently occurs 
between one and two hours after onset 

FATIGUE AND SLEEP 

Kleitman whose book Sleep and Wakefulness is outstanding m this field 
has emphasized the role plajed by relaxation m sleep Sleep can be induced 
even in the absence of fatigue when a person or animal is made to relax 
Relaxation is associated with a decrease in nerve impulses from the cerebral 
coTtcx to the musculature of the body at the same time that there is a decrease 
in the number of afferent impulses that reach the cortex 

When fatigue increases sleep occurs more rcadil) 11ns fact has been 
the basis of the proposed chemical theories of sleep Such theories assume 
that fatigue appears because of the collection of waste products, lactic acid 
and other intermediate products m the blood and ultimatelv in the brain 
centers concerned with sleep It should be noted however that sleep occurs 
m the absence of fatigue and therefore the latter maj beonh another factor 
winch is farorable for the onset of sicep 

THEORIES OF SLEEP 

Man) til cones and explanations for sleep lure been idranrcd but as set 
none are ssholls satislactor) A few nf lire more important arc litre pic 
sented 
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i The AJ osso Hou ell cerebral anemia theory was the outcome of observa 
tions made upon circulator) changes during sleep Mam imestigators had 
noticed that during sleep there is an increase in \olunic of the extremities 
of the bod) Since such a change might denote the increase in diameter 
of the blood vessels, it was suggested that, because of this increase, blood 
was shunted awn) from the brain, causing a condition similar to that found 
in fainting, that is, a low blood or hemoglobin content in the brain, an 
anemic condition But the evidence is against the occurrence of cerebral 
anemia during sleep and it has been found that, on the whole, the circulatory 
changes present during sleep arc the result of rest during sleep rather than 
the cause of sleep 

z The thcorv that sleep occurs because of the inhibition of conditioned 
reflexes was advanced by Pavlov as a result of his studies of the process of 
conditioning dogs He maintained that when a conditioned response was 
being extinguished or inhibited bv constantl) appl)ing the conditioned 
stimulus without the unconditioned, the animals on which he worked be 
came drows) and fell asleep As is true of all sleep theories, this one has 
been incompletcl) studied and, therefore, not wholl) acceptable 

3 The chemical theory, which has ahead) been mentioned and which 
has perhaps been the most acceptable m the past, is not at present held in 
such high esteem Surel), high concentrations of products of metabolism 
favor sleep, but until further evidence is available, these products must be 
considered onl) as factors which enhance the onset of sleep In recent 
j cars, observations have not supported this theory There were born in 
Russia m 1938, twins with bodies joined to form one, but with heads and 
arms separated They lived somewhat less than two years Each had a 
separate nervous system but their circulatorv systems were united Thus 
the same blood ran through the vessels of both It was found that after 
periods of activity one of the heads would sleep while the other could re 
main quite activ e (Figure 107) Tins, of course, immediately suggested that 

a chemical theory for sleep was out of the question The same chemicals 
were carried to both brains, yet they did not react the same However, 
this theory cannot be dropped without further work for it is quite possible 
that the nerve cells of the brain centers of the one, because of greater use, had 
become more susceptible to chemical actions than those of the other 

a Kleitman s suggestion that sleep is a result of loss of muscular tone 
through fatigue of some neuromuscular mechanism, is looked upon with 
favor (in other words a relaxation is produced) Certainlv, sleep is avoided 
by muscular activity whereas inactivity or relaxation is conducive to sleep 
even in the absence of fatigue 
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FIGURE 107 

Coalescent twins with sep- 
arate nervous systems but 
u ith circulatory ss stems 
merged so that both use 
the same blood they mav 
sleep at different times 
At left Gals a cries while 
Ira sleeps below In smiles 
and lifts her head when 
her name is called bit 
Galsi les muespo isivc 
and composed (B\ pc' 
mission of Sosfoto ) 



CEREBRAL MECHANISMS INVOLVED IN SLEER 
Tlicrc Ins been considerable cont.oscrss is to sslnl pul it cm tint tbc 
ccrchral cortcs pi tss m sleep It .s ee.ti.nls not the nil import nit center to. 
,1 Ins liccn fomul tint decort.eite dogs cits and other annnils shon pc 
nods of sleep iml si .Ufniness 11ns fief places ernplnsrs upon some sub 
cortical mm i cenle. of g.culcr ...tportmee fn. sleep than the cortical A 
” , imn otti„cc of some subcortical icgum u. tins connection ssal 

supplied bs obscnations nude upon patients suffering from a fonn of sleep 
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ing sickness, lethargic encephalitis (an epidemic had spread through south 
ern Europe during the ;ears 1889 and 1890) The sleep produced by this 
disease is closely allied to noimal sleep m that the patient can be aroused 
at least momentarily Upon autopsy of fatal cases it was found that lesions 
had occurred in the region of the hypothalamus More recently it has been 
experimentally shown that sleep can be produced in animals by stimulating 
the hypothalamic region of the bram Electrodes were placed m the brain 
stem (hypothalamus) of cats or dogs After the wounds healed, it was 
found that when a stimulus of low intensity was applied, the animal fell into 
a state of sleep which in every respect was similar to normal sleep 
On the other hand, removal of areas of the hypothalamus may cause a con 
dition of continued sleep Thus it appears that two centers may be con 
cemed, sleeping and waking, the latter is responsible for the maintenance of 
excitability of neurons in the hypothalamus, but may be depressed if the 
sleep center, in the suprachiasmic area (above the region where the optic 
nerves cross), becomes increasingly active men this occurs, then, sleep 
follows However, the importance of the cerebral cortex cannot be disre 
garded, and it is claimed that anesthetics may produce their effects by action 
on the cortical cells, thus producing sleep Other drugs such as caffeine 
may act by increasing cortical activity, thus tending to inhibit sleep 

ADDITIONAL READING 

Kleitman, Sleep and Wakefulness (University of Chicago Press, 1939) 

Nauta, W J H “Hypothalamic Regulation of Sleep in Rats An Experimental 
Study four Neurophysiol , 9 28;. 1946 
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Tlie Autonomic Nervous System 


All vfrtebratls have central nervous s\ stems, thev also have autonomic 
(visceral) nervous systems which are imoluntan m action and innervate 
smooth muscles, cardiac muscles, and glands The name, autonomic nerv 
ous system, was first suggested by Langley in 1898 It is commonly known 
tliat breathing movements, heart action, secretion and movements of mtes 
tines, and similar body activities are all involuntarily controlled, this is owing 
to the fact that they are innervated bv autonomic nerves Although, there 
is a lack of voluntarv control, the central nervous system is indirectly in 
volvcd in autonomic activity There arc many reflexes concerned with 
internal adjustments (heart action, blood pressure, and the like) of which one 
is never conscious The stimuli that evoke the responses occur within the 
bodv Tor example, stretch receptors in the carotid sinuses (which arc 
pouches in the carotid artery leading to the brain) arc stimulated when the 
blood pressure increases Impulses ire transmitted ov er afferent autonomic 
nerves to centers in the medulla which arc, in turn, stimulated to initiate 
impulses over special efferent nerves that cause the smaller blood vessels to 
dilate (smooth muscles in walls relax) and cause a fall m blood pressure 
Actualh the autonomic neurons (fibers) arise from the central nervous sys 
tem (C NS ) Afferent neurons of the autonomic nervous system (A N S ) 
follow the same pathway as the afferent (sensory) neurons of the C NS 
into the cord or brain However the autonomic ncuions which cam tJit 
impulses from the cord or brain, make synaptic connections in * peripheral 
Ganglia" and form plexuses which arc ocvct found in the CN5 
Original!*, the autonomic nervous svslcm was thought to consist onh 
of a chain of ganglia on each side of the vertebral column, beginning with 
the cervical ganglia in the neck and ending with those m the vtcnl region 
Fibers lead from these gnnglu to various visceral organs hence the term 
sometimes used— v isccrdl rum o ns system It is now known that the A N S 

consists of two subdivisions, the parts of which differ m structure uul func- 
lion (1) the sympathetic (or thoracolumbar) division consisting of a row 
of ganglia on either side of the vertebra! column between the tipper thoncie 
region and the lower part of the lumbar region and (2) ihc parasympathetic 
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(or craniosacral) division originating from the medulla and midbram (era 
nial) and the sacral part of the cord 


The fact that autonomic neurons innervate only 
smooth muscles and glands, and never skeletal 
muscles, is significant The action of smooth mus 
clcs and glands is quite different from that of shcle 
tal muscles in that the smooth muscles maj be 
m a state of partial contraction or glands mi) 
secrete small quantities of fluid most of the time 
At an) moment the contraction of smooth muscle 
or secretion of glands mar become greater or less 
if ncccssar) 

Tor the most part, each muscle or gland in 
nervated b) the autonomic s)stcm recenes neuron 
fibers from each division, that is, the visceral or 
gans are doubly innervated Tor example, if the 
nerves of the sympathetic division leading to the 
heart are stimulated, the heart beats more rapidly, 
whereas stimulation of the parasympathetic nerves 
leading to the heart will decrease or stop its actn 
lty On the contrary, if the nerves of the sympa 
thetic division leading to the intestine are stimu 
lated, there is a retardation of its action, whereas 
stimulation of the parasympathetic nerves in 
creases intestinal activity Whether or not a mus 
cle will contract or a gland will secrete more or 
less depends upon the intensity of the stimulus 
applied to one set of fibers as compared with the 



other 


FIGURE 108 


Autonomic fibers are, by definition, often looked rhe nmes gangI , a of 
upon as efferent only From more recent hnowl the sympathetic division 
edge of the true structure, gross and microscopic, of the autonomic system 
of this system it has been definitely established ,he 

that sensory, or afferent, fibers also are present and 
that many reflexes are evident (Bambndge reflex, Hering Breuer, or lung re 
flexes, carotid sinus reflex, and others) 


THE SYMPATHETIC (THORACOLUMBAR) DIVISION 
The most obvious portion of the sympathetic division consists of twenty 
one or twenty two pairs of ganglia lying m a lateral chain, so called because 
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the)' lie near to or laterally to the vertebral column. These ganglia repre- 
sent points of synapse between neurons forming pathways to structures to 
be innervated and, for the most part, arc composed of nerve-cell bodies 
Although these ganglionic chains extend from the cervical to the sacral re- 
gions, actually the nerve pathways which lead to or through them originate 
m the thoracic and upper lumbar regions of the spinal cord. Thus, the 
name '‘thoracolumbar” is used to describe this di\ ision. 

Upon observation it appears as though each ganglion is connected with 
the spinal cord by means of a spinal nene. However, as can be seen in 
1’igme 109, the ganglia arc connected bv way of their own neurons which lead 
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characterized by the absence of the myelin sheath and for this reason are 
mostly grayish in color Those preganglionic fibers that end in the ganglia, 
make synapse with postganglionic fibers that return to the spinal nerve by 
wav of the gray ramus commumcans Thus, the spinal nerves are actually 
mixed, central and autonomic neurons, but the large number of medullated 
fibers overshadow the gray autonomic fibers so that the white color of the 
nerve predominates These sympathetic fibers that follow the nerve trunks 
carry impulses to the blood vessels of skin and skeletal muscles, to the smooth 
muscles of the hairs, and to sweat glands All the preganglionic fibers of 
the svmpathehc division do not make synapse with postganglionic fibers in 
these ganglia A few myelinated fibers (giving the light appearance of the 
white ramus) pass on through the lateral ganglia, form the splanchnic nerves 
(inhibits movement of stomach and intestine), and end in the collateral 
plexuses These plexuses he further from the vertebral column and nearer 
to the viscera, such as the coeliac plexus or solar plexus, superior mesenteric 
plexus and inferior mesenteric plexus In these ganglia, the preganglionic 
fibers make synapse with postganglionic fibers which lead to the alimentary 
canal and closely related structures 

The pathways followed by the neurons are the same on either side of the 
cord but in Figure 109 only the sympathetic pathways are shown on the 
right side of the cord The autonomic afferent fibers enter the cord bv 
way of the dorsal root which is similar to the way in which afferent fibers of 
the central nervous system make their entrance However the autonomic 
afferents pass on through the spinal cord to the ventral horn where they make 
synapse with the next neurons — the preganglionic fibers The axons of 
these neurons pass out of the spinal cord by way of the white rami and enter 
the autonomic ganglia formed chiefly by the cell bodies of the so called 
postganglionic fibers with which the axons of the preganglionic fibers make 
contact The postganglionic fibers lead to the tissues and impulses passing 
over them either inhibit or excite the tissues thus innervated 

The fibers of the sympathetic division have a very wide distribution within 
the body The distribution is not only extensive but the arrangement is 
such that it allows for a diffuse discharge of nerve impulses It has been 
found that each preganglionic fiber of this division leading to the ganglia 
may make contact finally with not one but many postganglionic fibers 

EFFECTS OF SYMPATHETIC STIMULATION 
One of the outstanding characteristics of the sympathetic division is its 
organization to act as a whole rather than a part True, mfld stimuli (ex 
ternal or internal) may have an effect on a certain part only, but chiefly the 
division functions in the activity of manv organs and structures 
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The following effects maj be noted on stimulation (i) Blood vessels 
of the gastrointestinal tract, the gastric and salivary glands constrict (vdso 
constriction), however, the blood vessels of the skeletal muscles, corona rj 
s)stem and the lungs become dilated (in the brain there is no change) (2) 
Smooth muscles (pilomotor muscles) attached to the hairs contract (3) 
Heart muscle contracts more rapidly and more vigorousl) (4) Sw eat glands 

increase their secretions (5) Most of the smooth muscle of the alimentary 
tract is inhibited (exceptions are the sphincters) (6) In the eye, the radial 
muscle fibers contract (dilating the pupil) whereas no effect is found on 
the circular fibers The same is true for the ciliary muscles (radial muscles 
contract, no effect on circular) (7) Retraction of nictitating membranes 
occurs in those animals such as birds and fish where they are developed (this 
is a translucent protective membrane which passes \ertically across the cje) 
(8) The ejeball is projected owing to increased tone of the smooth muscle 
of the lids and orbit (9) The smooth muscle of the spleen contracts thus 
causing the spleen to force more blood into general circulation ( 10) Sail 
vary gland secretion is inhibited or retarded (11) Alimentary tract secrc 
tions are inhibited (12) There is an inhibitor} effect of the smooth mus 
clcs of the bronchi and bronchioles of the lung and the} arc therefore more 
apt to dilate (13) Gl}COgcnol}sis is accelerated in liver (and muscle) 
(14) Gall bladder contractions are reduced (15) There is an inhibition 
of the smooth muscle of the ureters of the unmrj tract and the detrusor 
muscles of the bladder, but the internal sphincter is constricted ( 16) Fibers 
lead to the uterus Fallopian tubes )as deferens and other reproductive or 
gans Some of these fillers arc inhibitors and come arc excitatorv which 
leads to various effects, cspcciall} during the sexual act in mammals (17) 
Greater secretion of the adrenal gland occurs In F igurc no the chief S}m 
pathetic nerves as well as paras} inpathctic nerves arc indicated 

SYMPATHETIC© ADRENAL RELATIONSHIP 
There is a close relationship between the adrenal mcdulh and the S}m 
pathetic nerves so much so, that some arc inclined to place them together 
as the sympathctico^idrcnal system 

Flic adrenal medulla docs not receive postganglionic fibers (as one might 
expect, since all other organs receive postfibcTs) but does receive prcgiti 
ghontc fibers from thcsvmpithcticdivision Ilus isnn exception to the rule 
but nvn be exphtned on the basis of dev clop incut The secreting celts of 
the adrenal medulla arc homologous, morphologically, to the postganglionic 
$) m pathetic fibers 7 hey arc both demed cmbryologtcally , from the same 
central mass of cells 
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The substance secreted by the medullary cells is adrenalin (or epinephrine) 
and it is known now that a substance similar to adrenalin is produced at 
the tips of most sympathetic postganglionic fibers Adrenalin has a power 
ful action on the body and simulates sympathetic activity It has been 
pointed out that 1 part of adrenalin in 1,400,000 000 parts of blood results 
in a definite effect Thus the evidence for close correlation between the 
activity of these two structures (sympathetic division and adrenal medulla) 
becomes stronger 


EXTENT OF SYMPATHETIC ACTION 

It has already been pointed out that the most significant aspect of the 
physiology of the svmpathetic division is its tendency to act as a whole Its 
normal functioning has been experienced by everyone — during exercise, emo 
tional upsets, and similar conditions When one experiences an emotional 
upset, such as anger or fear the whole of the sympathetic division is brought 
into play The heart accelerates, breathing increases and becomes easier 
because of dilated expanded bronchioles the pupils dilate, blood is shunted 
from certain areas (such as skin and alimentary tract) to supply needs of 
other areas that ma\ be brought into action (such as skeletal muscle and 
heart) If anger leads to fighting or fear to running away, the sweat glands 
increase their activity in order to allow for loss of excessive heat These 
actions and possibly all of those mentioned prev lously are ev ident Most of 
the reactions which involve svmpathetic discharge may be classified as emer 
gcncy reactions Conditions under which the sympathetic division docs 
discharge v igorously are those that require an ov erall response to ensure fur 
ther proper physiological conditions or even the survival of the organism 
itself 

Tins point has been demonstrated in experiments upon cats from which 
syropvttvetoe dvavws, except the collateral ganglia, have been removed 
These animals live for manv months and seem to suffer no great difficulties 
Thev go about their dailv routines without any striking change in behavior 
and continue to do so as long as external conditions arc normal or optimum 
and as long as they arc not disturbed too greatly If they meet with some 
stress in their cm ironment it is found that they show a verv poor exhibition of 
fear or anger, changes do not take place tint will allow the animal to escape 
readily or to fight \ lciously If they arc exposed to cold temperatures thev arc 
unable to check heat loss, thus the hair fails to rise on the back to form 
a greater insulation area, and the animal docs not shiver in order to produce 
more heal to replace that which is lost Such animals show deficiencies 
m their abihtv to overcome hvpoglvccmia (low blood sugar), that is there 
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appears to be a hypersensitivity to insulin The same condition is observed 
upon removal of the adrenal medulla A still more interesting phenomenon 
is observed in cats which have only one side of their sympathetic system re 
mov ed If such an animal is exposed to cold temperatures, the hair on only 


FIGURE 111 

The reaction of a cat to coldness after its sympa 
thetic ganglia have been removed from its right side 

one side of the body (the intact side) rises while that on the sympathecto 
mized side remains flattened out 

It was first brought to the attention of physiologists by Claude Bernard 
that there is m organisms a tendency to a constancy of the conditions of the 
internal environment (or the environment in direct contact with the cells 
of organisms) This has been referred to as the ‘steady state or ‘ homeo 
stasis The sympathetic division seems to function in maintaining this 
steady state 

THE PARASYMPATHETIC (CRANIAL AND SACRAL) DIVISION 
In having a wide distribution of fibers in the body, the parasympathetic 
division of the autonomic system shows a resemblance to the sympathetic 
In fact, fibers from both divisions innervate most visceral organs The one 
big difference m the two divisions is that the preganglionic fibers of the para 
sympathetic division extend to ganglia, either on or within, the organ in 
nervated, whereas similar fibers of the sympathetic division he at some dis 
tance from the organ innervated Hence, the postganglionic fibers of the 
parasy mpathetic division are relatively short 
There are two general regions from which the fibers emerge, the cranial 
and the sacral region (hence the subdivisions cranial and sacral parasym 
pathetics) The cranial parasympathetic subdivision consists of four nerves 
that have already been studied as cranial nerves (1) Prom the midbrain 
there is the third cranial, or oculomotor, nerve which sends branches to the 
circular muscles of the iris and to the ciliary muscles of the eyes When 
stimulated the pupil constricts (contraction of circular muscles) and the 
ciliary muscles contract, thus accommodating the eye for near vision (2) 
The sev enth, or facial, the chorda ty mpam branch of vv hich leads to the sub- 
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maxillary and sublingual salivary glands, stimulation of this branch results 
in secretion of saliva because of direct effect on the gland (secretory) and 
also because of the dilation of the blood vessels in the gland (bringing more 
blood and substances necessary for secretion) (3) The ninth cranial, or 
glossopharyngeal nerve, supplies fibers to the parotid (salivary) gland and has 
the same effect on it that the chorda tympam has on the other glands, it 
also brings about secretion of the mucous glands of the buccal canty (4) 
The tenth, or vdgus, nerve furnishes inhibitory fibers to the heart muscle, 
vasoconstrictor fibers to the coronary vessels, motor fibers to the smooth mus 
cle lasers of the upper part of the alimentary tract (except sphincters), secre 
tory fibers to most of the glands of the gastrointestinal tract, and constrictor 
fibers to the smooth muscles of the bronchioles 
The pelvic nerve constitutes the sacral outflow and when stimulated, re 
suits m contraction of muscle cells in the colon rectum and bladder, and 
causes vasodilation m the external genitalia and hence erection of the penis 
It was shown some years ago by means of application of nicotine that the 
ganglia, containing the cell bodies of the postganglionic fibers of the para 
sympathetic diusion were within or near the organ innervated There are, 
therefore long preganglionic fibers in this diusion as compared with those 
of the sympathetic 

FUNCTION OF parasympathetic activity 
The parasympathetic division lachs the ability to function as a whole If 
it did function in this way, there would be no orderliness in the behavior 
of organisms that is, a widespread effect would result in changes of no func 
tional relation whatever A slowing of the heart, increased digestiv e activity 
in stomach and intestine, emptying of rectum, engorgement of genitalia, 
and similar activities, certainly would have no relationship This division 
then acts only in part and usually provides the action necessary for the occa 
sion as it arises 

It has been suggested that the cranial parasympathetics are concerned 
chiefly with nutritive processes or functions, that is, the seventh and ninth 
nerves function in the production and secretion of saliva which aids in swal 
lowing food and which contains enzymes that hydrolyze carbohydrates 
The tenth nerve, or vagus, is concerned with the secretion of gastric and 
pancreatic juice and controls muscular activity favorable to digestive and 
absorptive processes in the esophagus, stomach, and small intestine 

The sacral parasympathetics are said to function chiefly m the processes 
concerned with emptying those organs containing cxcretorv material — 
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name]), the colon, rectum, and bladder There is some correlation between 
this subdnision and the central ncr\ous s)stcm, that is, some control can 
be exerted over the emptying of these structures b) \va > of voluntary acts 
Defecation and micturition arc m most individuals controlled, within limits, 
voluntanl). 


SYMPATHETIC AND PARASYMPATHETIC ANTAGONISM 

Both divisions, the $}mpathchc and parasjTnpathetic, innervate most tis 
sues of the viscera resulting in antagonistic effects However, several types 
of structures in the vertebrate bod) receive onl) s)mpathetic fibers (no para 
S)mpathctic innervation), these are the blood vessels of skeletal muscles and 
those of smooth muscles of the ahmentar) tract, muscles of the ventricle 
of the heart, pilomotor muscles, sweat glands, smooth muscles of nictitating 
membrane, Tadial muscle fibers of the pupil, radial fibers of the ciliary muscle, 
th)roid gland, adrenal medulla, and uterus (especially concerned with 
sexual excitement) 

There are also a few structures that receive fibers onl) from the paras) m 
pathetic division (no s)mpathetic innervation) These are the circular 
muscle fibers of the pupil, and those of the cihar) muscles of the eye, and 
the mucous glands of the gastrointestinal and respiratory tracts 

Most of the tissues of the viscera, however, are innervated by fibers from 
both divisions, that is, from sympathetic and from crannl or sacral parasym 
pathetic Whenever tins occurs, it is found that one group of fibers carries 
impulses which are m some way antagonistic to the other in that they pro 
ducc opposite effects For example, the heart (auricle) receives fibers from 
both divisions If the sympathetic fibers are stimulated, the beat of the 
heart becomes more powerful and rapid whereas stimulation of the cranial 
paras) mpathetic (vagus) retards or inhibits heart action altogether The 
same is true for the smooth muscle action of the intestinal tract, except that 
the effect of stimulating the two divisions is the reverse of that of the heart, 
that is, stimulation of sj mpathetic fibers retards smooth muscle action (but 
excites those of the sphincters), whereas stimulation of parasympathetic 
(vagus) increases activity The preceding is an instance of opposite affec 
tive action within different branches of the same nerve 

An excellent example of the behavior of an animal under the influence of 
normal sympathetic or parasympathetic stimulation, may be shown by a cat 
The animal maj have just finished a meal and be sitting by a warm stove 
quite contentedly licking its paws The pupils of the e>es are mere narrow 
slits Its heart rate is not very rapid (slightly better than normal rate at 
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complete rest) and if it were examined internally, the vessels of the gastro 
intestinal tract would be gorged with blood, the digestive system would be 
active 

If suddenly, this same cat is confronted by a strange dog, the behavior be 
comes quite different The cat arches its back, its hair ' stands on end 
{pilomotor activity), the pupils of the eyes are dilated the heart rate is rapid 
and breathing becomes deeper and as has ahead) been noted for sympa 
thetic stimulation the digestive processes are interrupted, blood sugar in 
creases (emotional hyperglycemia), the spleen contracts, blood leaves the 
abdominal and skin regions to be earned chiefly to muscles and an increase 
in blood pressure ensures a proper blood supply to the brain 
The autonomic system, then is concerned with both favorable (via para 
sympathetic division) and unfavorable (via sympathetic division) condi 
tions in its external or internal environment 
It may have been noted from previous descriptions that the organs and 
tissues innervated by the autonomic system possess a high degree of auton 
omy They can carry out their functions even when the autonomic nerves 
are completely severed This fact, in so far as the sympathetic system is con 
cerned, has already been noted Parasympathectomv has not been full) 
accomplished but parts of this division have been severed from the tissues 
and organs which it innervates, and the organs have continued to function 
All of this evidence indicates that the autonomic system is important as a 
regulator but is not essential to any particular visceral action Strips of 
heart muscle can be isolated and they continue to contract rhythmically, 
the same is true of the intestinal muscle How ever, their action is not quite 
like that of tissues in their normal habitat and environment (The heart 
strip may beat more slowly or more rapidly ) 

This ability of smooth or cardiac muscle to continue contracting is not 
due to the presence of nerve endings in the muscle, for these can be destroyed 
completely or paralyzed bv suitable drugs and there is also the fact that some 
smooth muscle of the intestinal tract contains no nerves normally, jet the 
muscle remains rhv thmically active Thus another explanation of the con 
tmued contraction of smooth or heart muscle must be sought 

CHEMICAL MEDIATION OF ACTION IN THE AUTONOMIC SYSTEM 
Most smooth and cardiac muscles differ from stinted muscles m that cer 
tain neurons leading to them can inhibit their action striated muscle has 
no nervous connection whatever that may inhibit its action The fact that 
cardiac and smooth muscle can be inhibited has been known for years — ever 
since i8-f 5 when the Weber brothers discovered the inhibition of heart action 
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bj stimulation of the vagus Knowledge concerning this type of action 
is still \aguc However, something is known about substances which, when 
applied to organs, mi) produce or simulate sympathetic or parasvmpathetic 
actions A great step was made in 1895 b) the discover) of adrenalin It 
was ver) soon recognized that the action of this substance was ver) similar 
to that produced b) svmpathetic stimulation Its action was still further 
emphasized b) the work of Elliott (1904) who found that sympathectomized 
animals responded to adrenalin just as though their s)mpathctics were in 
tact and had been stimulated Later, in 191^ Dale found that on exposing 
an organism to acetylcholine, its responses were similar to those obtained 
by stimulating the parasympathctics 

LOEWI S EXPERIMENT 

In 1921 came Loewis classical experiments, m which he proved that a 
substance was produced b) vagal stimulation that inhibited the heart and 
would, if earned to another heart (not so stimulated), also bring about an 
inhibition of the latter 

It is not difficult to repeat Loewi s experiments Two fresh, living (still 
beating) frog hearts maj be isolated with their vagus nerves intact (Figure 
112) and cannulae (tubes of glass metal, plastic or other material used for 

FIGURE 112 

Simplified diagram of Loewis exper 
iment When the \ agus of frog 
Heart I was stimulated while Ring 
ers solution was passing through it 
to Heart II both hearts stopped 
beating Thus evidence can be 
presented for the production of a 
substance in Heart I when it is 
stimulated This substance is evi 
dently carried via Ringer s solution 
to Heart II 

diverting blood flow in vessels) inserted in the vessels in such a vva> that 
Ringers solution can flow unobstructed into Heart I (via auncle) and from 
there into Heart II Now, if the vagus nerve leading to Heart I is stimulated 
electrically, heart action is immediately affected — the heart stops beating 
Almost immediately. Heart II stops beating although its vagus has not been 
stimulated After a brief latency (if stimulation is not continued). Heart 
I begins to beat again and almost as qutckl) the same occurs in Heart II A 
cardio-inhibitorv substance sceminglv is produced bv stimulating the vagus 
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nerve of Heart I and this chemical carried m the Ringer’s solution to Heart 
II w here it is also effective Pure blood cannot be used in place of Ringer’s, 
it has present m it an enzyme which destroys the substance produced by 
parasympathetic stimulation Loewi called the inhibitory substance pro 
duced by stimulation vagal ’ substance, but the term did not last long be 
cause the same type of substance was later pro\en to be secreted by all para 
sympathetic postganglionic neurons He also found that if, in such a 
heart preparation as described, the sympathetic nerves of Heart I were stun 
ulated heart action was speeded up that this is evidently caused by secre 
tion of some substance, was indicated by the speeding up of the beat in 
Heart II 


SUBSTANCES SECRETED BY AUTONOMIC FIBERS 
The substance liberated at the tips of parasympathetic neurons was soon 
identified as an ester of choline now known as acetylcholine This sub 
stance is broken down rapidly into choline and acetic acid by the action 
of cholinesterase, an enzyme found in the blood stream This prevents 
acetylcholine from spreading throughout the body — which could be injurious 
to the organism Since it is likely that this substance is formed constantly 
by tonic impulses, the presence of the enzyme ensures its destruction Many 
drugs affect autonomic impulses in one way or another (directly or indi 
rectly) Atropine paralyzes the parasympathetic nerves or prevents the 
action of acetylcholine, its effect is similar to inhibition of the parasympa 
thetics Eserme (physostigmme) inhibits the action of cholinesterase and 
for this reason the effect of its application resembles parasympathetic stimu 
lation because the acetylcholine would accumulate under these conditions 
Pilocarpine action simulates that of acetylcholine 

Although adrenalin, when applied to a living system, has an effect that 
simulates sympathetic stimulation it is not certain that the substance hb 
erated at the tips of most sympathetic fibers is adrenalin itself It was 
merely suggested that it is an adrenalin like substance Some physiologists 
ha\e called the substance sympathm The fact that branches of the same 
s\mpathetic nerves may produce dissimilar results (for example, inhibition 
of smooth muscles of the stomach but contraction of smooth muscles of 
sphincters) has led to much confusion and controversy and it has been 
suggested that the secretion of an excitatory substance (sympathm C) and 
an inhibitory substance ( sympathm I) may be postulated, but many workers 
deny the existence of two kinds of sympathm 
Recentlv, Burn has proposed an interesting explanation for the noted dual 
action of these substances which arc evidently formed at nerve endings and 
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which may cause, in some eases, stimulation, or, in others, depression of 
activity of tissues mnenated It has been observed, for example, that ex 
tiemel} small amounts of acetylcholine may actuall) stimulate isolated strips 
of heart muscle (which have been washed until the) arc no longer active) 
to contract, whereas greater amounts would inhibit contraction In the 
case of intestinal muscle, whereas acetylcholine normall) stimulates, aery 
large amounts of this material will cause relaxation Thus, while cardiac 
muscle is much morcsensitnc to acetylcholine inhibition than is the smooth 
muscle of the intestine, nevertheless, both tissues may be either stimulated 
or depressed, depending upon the amount of the substance produced when 
the nerves are actne Normally, however, the amount of acetylcholine m 
the heart is above the amount which stimulates, thus, additional amounts 
present when the vagus nerve is stimulated will cause inhibition la the 
case of the intestine, the nerve never docs produce enough acetylcholine to 
inhibit activity Thus, m the living bod), only a part of the action may 
be seen It has been suggested that similar explanation may be applicable 
in the case of tissue response to adrenalin or epinephrine 

CLASSIFICATION OF FIBERS ACCORDING TO SECRETIONS 
Because ot the fact that a distinction must be made between production 
of two substances acetylcholine and an adrenalmlike substance at the tips 
of autonomic nerves and because sympathetic postganglionic fibers are not 
always sympathin secreting (the $)nipathehc neurons leading to sweat 
glands, for example, secrete acetylcholine), it has been suggested that the 
various fibers be designated according to the substance secreted Thus the 
following classification may be used 
A Cholinergic fibers 

1 All preganglionic fibers of both sympathetic and parasympathetic divisions 
This fact produces an odd situation m the case of the production of adrena 
lm (the medulla of the adrenal gland which receives only preganglionic 
fibers from the sympathetic division is stimulated by acetylcholine to pro 
duce ox seciete adrenalin) 

2 All postganglionic fibers of the parasympathetic nerves 

3 Some postganglionic fibers of the sympathetic division (sweat glands and 
others) 

4 Myoneural junctions in striated muscle fibers 
B Adrenergic fibers 

i Most sympathetic postganglionic fibers 
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Properties of Receptors 


Since a knowledge of the external world js based on information supplied 
through the sense organs of animals, a well de\ eloped receptor system is 
essential Humans, for example, can judge within reasonable limitations 
the weight of an object and its temperature, and by means of taste organs, 
the acidity of a solution by noting the degree of sourness 
There was a time when the phnse ‘ fix e senses of man” was used to ex 
press the assumption that he possesses five tvpes of sense organs It was 
thought that receptors always ga\c sensations when stimulated by external 
changes in the environment Ideas on this subject changed considerably, 
although gradually, after the proposal and development of the theory of 
reflex action by Descartes during the seventeenth centurv There are many 
examples of responses to stimuli that do not involve sensation, the impulse 
is carried from receptors, over sensory neurons to the spinal cord, over as 
sociation neurons and motor neurons to muscles, which contract Even 
m cases where a sensation is experienced, it often does not appear until after 
the reflex is completed There is also a question whether or not many re 
ceptors in mammalian bodies ever produce a sensation 

OCCURRENCE OF RECEPTORS 

The presence or the absence of receptor systems, in lower animals, anal 
ogous to those m man may be assumed with caution Actually receptors 
are found m all forms of animals and are not limited to the higher groups 
The fact that an amoeba responds readily to a bright light, or a parame 
cium moves away from a region of high temperature indicates that the stim 
ulus was felt It may be a form of primitive” protoplasmic reception, 
but, on the other hand, there is a possibility that receptn e areas ’ may exist 
scattered over the protoplasmic mass In other more specialized forms of 
protozoans there are found the well defined receptors the organelles,” al 
ready mentioned (pages 26 and 50) The red "eye spot’ of euglenoid 
flagellates is such a structure, it enables the organism to resjxmd to light 
waves 

The senses of lower vertebrates are, with exceptions, generally less efficient 
than those of man The dog however, has a much keener sense of smell 
185 
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than man and the deer a keener sense of hearing, but other senses of these 
animals are not so acute 

It is now known that many common receptors such as the eye, ear, the 
organs of smell and taste and cutaneous end organs are found in practical!) 
all animals from the worms through the mollushs and arthropods to the 
vertebrates, where they reach their greatest specialization and complexit) 
As preuously noted, they are even rather complex in some of the protozoans, 
and reception m coelenterates although resulting in a \ er) diffuse response, 
and accomplished b> means of definite structures, is comparable to that in 
the human skin In these organisms, the receptor is connected directly 
with the muscle (musculoepithehal cells) or to the ner\e net The or 
gamsms ha\e no central nervous s>stem (or s}napses) and, therefore, im 
pulsesare earned directly from receptors to effectors (musdes or glands) 
Many complex receptoi systems are found in the annehd worms Of 
course, these systems show much greater development than those of the 
coelenterates and as such are excellent examples of the beginning of cen 
trahzation and cephalization of the nervous system Various reflexes are 
shown by earthworms reflexes which are possible onlv because of the pres 
cnce of specialized receptors 

CLASSIFICATION OF RECEPTORS 

All of these structures, which are so modified as receptors that they can 
receive stimuli of a specific tv pc can be classified and placed into one of two 
groups (1) the activators, which have nothing to do with sensations but 
function in reflex action, and (2) the tense organs which arc concerned with 
sensations Tins classification of receptors is made from the viewpoint of 
function They can he classified also as to location (activators and sense 
organs together) as {1 ) Enterocepfors, ot those found in the visceral organs 
and which hem the mucous lining of the digestive tract and organs of rcspira 
tion Ultima tclv , the source of stimulation may be dern cd from the exterior 
although these receptors line no direct contact with the exterior (2) Ex 
tcroccptors, or those which arc stimulated directly from the exterior, lie 
close to the outer layers of the body Tbcv are the sense organs of the skin, 
eye, car, nose and oral cavities (3) Proprioceptors, 01 those which arc 
found in muscles, tendons and joints and parts of the inner car (functioning 
in equilibrium), arc those receptors, the stimulation for which originates m 
the body itself For example, the sensitive hairs in the ampullae (page 268) 
of the semicircular canals of the inner car arc stimulated b\ pressure of fluid 
within the canals and muscle spimllcs arc stimulated bv stretching a muscle 
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Muscle spindles are groups of modified striated muscle cells specialized so 
that they initiate impulses over nerves associated with them when the spin 
dies are stretched 


THE LAW OF SPECIFIC NERVE ENERGIES 

Because it was originally set forth by Johannes Muller (1840), the Law 
of Specific Nerve Energies is known also as Muller’s Doctrine Simply 
stated, this law means that when a stimulus is applied to a receptor (sense 
organ) it gnes rise to a very specific sensation This was realized from ol> 
seriations for some vears before Muller, but physiologists were not certain 
whether the specificity was due to peculiarities m the type of energy or to 
peculiarities in the end organs themsehes Muller believed the latter \ie\v 
to be correct, and he evidently took into consideration the neurons as well 
as the actual sense organs However, today there is an inclination to look 
upon the specific quality of a sensation m consciousness as dependent upon 
the association areas of the cerebral cortex, the end organs and the conduct 
ing neurons merely receiving the stimuli and carrying the impulse to the 
center To be sure, each sense organ itself is important in the reception 
of a certain type of stimulus and, therefore, enters into the specificitv of the 
nature of the sensation along with the brain center involved This is true 
especially under normal circumstances Thus, the ev e receives light stimuli 
the ear sound waves, and the taste areas and possibly the olfactorv areas, 
chemical stimuli These stimuli when applied to the proper organ are 
referred to as adequate stimuli However, it has been said that, if it were 
possible to cut the optic and auditory nerves at their peripheral ends, and 
to unite the optic nerve to the auditory end organs, or the auditory nerve 
to the visual end organs then upon stimulating the eye with light, sound 
would be heard, or upon stimulating the ear with sound vibrations, light 
would be seen In other words, the energies set up within the center of the 
cerebrum alvvavs result in the same sensations, no matter what type of stimu 
lus started the impulse wave in the beginning 

Some of the ev idence in fav or of the Law of Specific Nerv e Energies vv ould 
include the common sensation that most individuals have felt when our 
sense organs have been stimulated by unnatural means Tor example, a 
blow on the eye in the dark will set up impulses in the optic none One 
is said to 'sec stars Actuallv, the impulses which have been aroused 
mechanically are carried to the center which is specific for light sensations 
A * ringing in the cars is a common experience, especiallv at the onset of 
fever, or after the taking of certain drags The cars, in these cases, are not 
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stimulated by sound waves, but the temperature or the drug has such an 
effect that impulses are set up in the auditor} nerves— hence, the ringing 
sound These types of stimuli are said to be inadequate stimuli 

DIFFERENCES BETWEEN SENSATIONS 

Different sensations are absolutely distinct in consciousness of them 
Sight, smell, taste, sound, and touch are never confused, they can be sepa 
rated in one s consciousness These different sensory impressions are not 
referred to the brain but to the sense organ stimulated, that is, taste is referred 
to the tongue and sound to the ear This difference between one sensation 
and another which separates them in consciousness is referred to as modality 
Quality can also be distinguished within a modality This simpl} means 
that in sound, for example, one can judge between a tone of low or high 
pitch, or in colors, between blue, green and others However, the quality 
of one modality cannot be compared with that of another For example, 
one cannot say that this sound is of higher pitch than this taste is sweet 
Each sensation, therefore, possesses a modality that is absolutely specific for 
it and the quality within the modality can be ascertained Intensity of sen 
sation can also be distinguished within a certain modality', Such as bright and 
feeble light of the same color or loud or weak sound of the same pitch 

THE PSYCHOPHYSICAL LAW OR WEBERS LAW 
The intensity of a sensation increases with the strength of the stimulus 
Since conscious sensation is not measurable m physical terms, a ‘ just per 
ccptiblc difference must be used as the unit of measurement The strength 
of the stimulus is measurable in degrees of temperature, grams per square 
centimeter pressure, and similar physical means Actually, the number of 
impulses passing from a receptor o\cr its neuron may be determined cxperi 
mentally and it may be found that the number of impulses per unit of tunc 
is proportional, within limits to the strength of the stimulus Thus al 
though a few impulses pass yyith a y\cak stimulus, many more pass as the 
stimulus is increased Weber (18.46) was the first to make the obscnation 
that a chan ye in the strength of a stimulus necessary to produce a perceptible 
difference in sensation is proportional to the intensity of the stimulus already 
acting I his holds true only for stimuli of moderate intensity If a y\ eight 
of 30 g is placed on the tip of the index finger, it requires the addition of 

1 g to this yy eight to result in a perceptible difference that is the extra grain 
C3n be felt as an added sscight If less than 1 g yyerc added the difference 
yvould not be felt If 60 instead of 50, g were placed on the index finger 

2 g yvould ha\c to be added to produce a sensation of difference, if 90, 3 g 
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stimulated by sound waves, but the temperature or the drug has such an 
effect that impulses are set up m the auditory nerves — hence, the ringing 
sound These types of stimuli are said to be inadequate stimuli 

DIFFERENCES BETWEEN SENSATIONS 

Different sensations are absolutely distinct m consciousness of them 
Sight, smell, taste, sound, and touch are never confused, they can be sepa 
rated in one’s consciousness These different sensory impressions are not 
referred to the brain but to the sense organ stimulated, that is, taste is referred 
to the tongue and sound to the ear This difference between one sensation 
and another which separates them in consciousness is referred to as modality 
Quality can also be distinguished within a modality This simply means 
that in sound, for example, one can judge between a tone of low or high 
pitch, or m colors, between blue, green, and others However, the quality 
of one modality cannot be compared with that of another For example, 
one cannot say that this sound is of higher pitch than this taste is sweet 
Each sensation, therefore, possesses a modality that is absolutely specific for 
it and the quality within the modality can be ascertained Intensity of sen 
sation can also be distinguished within a certain modality, such as bright and 
feeble light of the same color or loud or weak sound of the same pitch 

THE PSYCHOPHYSICAL LAW OR WEBER S LAW 
The intensity of a sensation increases with the strength of the stimulus 
Since conscious sensation is not measurable in physical terms, a ‘ just per 
ceptible difference must be used as the unit of measurement The strength 
of the stimulus is measurable m degrees of temperature, grams per square 
centimeter pressure, and similar physical means Actually, the number of 
impulses passing from a receptor over its neuron may be determined expen 
mentally and it may be found that the number of impulses per unit of time 
is proportional, within limits, to the strength of the stimulus Thus, al 
though a few impulses pass with a weak stimulus, many more pass as the 
stimulus is increased Weber ( 1846) was the first to make the observation 
that a change in the strength of a stimulus necessary to produce a perceptible 
difference in sensation is proportional to the intensity of the stimulus already 
acting This holds true onty for stimuli of moderate intensity If a weight 
of 30 g is placed on the tip of the index finger, it requires the addition of 

1 g to this weight to result in a perceptible difference, that is, the extra gram 
can be felt as an added weight If less than 1 g were added, the difference 
would not be felt If 60, instead of 30, g were placed on the index finger, 

2 g would have to be added to produce a sensation of difference, if 90, 3 g 
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must be added and so forth up to the physiological limit (about 1000 g ) 
In the case of touch and pressure then the ratio is 30 1 for sound it has 
been found to be 9 1 and for light 120 1 

ADAPTATION 

Usually a decrement m response to a stimulus is referred to as fatigue 
\shereas the phenomenon is rather one of adaptation One seems to be 
come accustomed to a stimulation It is true that fatigue may enter into 
the picture but for the most part m reference to action of the sense organs 
one becomes adapted to a stimulus As pre\ 10 usly stated (page 136) a 
stimulus applied to a sense organ results m a volley of impulses which pro- 
ceed over the nene to the central nervous system These impulses last for 
a brief space of time but if the stimulus be continually applied it is found 
that the rhj thmical discharges of impulses diminish and may disappear com 
pletely Stimulation of touch receptors for example by application of a 
disc of known weight to the skin surface is followed by a burst of impulses 
which continue for from 01 to o 2 sec but disappear entirely bv the end of 
o 5 sec although the same pressure is maintained continuously on the disc 
If slightly greater (or lesser) pressure is now applied to the skin another 
volley of impulses follows which ceases at about the same time as the first 
In the same way one becomes adapted to odors to the ticking of a clock 
and to the contact of clothes Even the retina becomes accustomed to 
a stationary object and in order to perceive it best the eyeballs are kept mov 
ing constantly (though so slightly as to remain unnoticed) m order that 
the end organs may be stimulated intermittently 

If this phenomenon were one of fatigue it should be more evident with 
the stronger stimulus but actually the condition is most evident with 
weaker stimuli that is a strong odor is detected for a longer time than a 
vieaY. wire \{ th\s ns ere. a fotvgus phenomenon vt ssovAd appear sooner as 
well as being more evident with the stronger stimulus Another argument 
against this being a state of fatigue is that the rapid decline in frequencv of 
impulse discharge is not affected by a lack of owgen fatigue appears most 
rapidly rn its absence Adaptation is a property common to receptors and 
is evidently a protective one in the case of touch reception and the like that 
is certain receptors after responding to a stimulus and conv e\ mg impulses 
over the nerves of the C N S become adapted to that stimulus and are soon 
again ready to respond to a second similar stimulus On the other hand 
receptors for pain adapt verv slowly and 50 a harmful stimulus might be 
detected for a long period of time If adaptation to painful stimuli occurred 
as rapidly as that for tactile sensation one might by conscious effort with 
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stand the initial brief period of sensation and adaptation, and then the un 
favorable contact might be continuously maintained without further sensa 
tion Thus, great harm might be done to the body Adaptation differs 
considerably with different end organs, and thus some adapt themselves 
readily to their specific stimulus, whereas others are able to respond for min 
utes or even hours 

ADDITIONAL READING 

Fulton, J F , Text&oofe of Physiology, 16th ed (Saunders, 1950), pp 292-300 
Receptor properties 
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THE SENSE OF PRESSURE OR TOUCH 

The receptors which function m the perception of touch (or pressure) 
are sometimes referred to as iangoreccptors Protoplasm itself is sensitise 
to pressure changes or touch In the lowest forms such as protozoans and 
sponges therefore no special structures are needed for this t\pe of reception 
at least complicated receptors are unnecessary In coelentcrates touch re 
ception is very important The h}dras for example have no means of 
sensing the presence of a foreign body except by touch (unless possibh 
partly by chemical sense) They cannot sec their prey but if a daphnia or 
some similar food morsel should happen to touch the tentacle of a hvdrj 
there is an immediate response in the latter brought about by stimulation 
of sensory cells lung in the ectoderm which results in the entanglement of 
the daphnia in the tentacles of the hydra 1 he nematodes flatworms and 
cchmoderms arc a)) very sensitive to contact The respirator} popilhc o» 
the surface of starfish arc especially sensitive Much of their sensitivity is 
undoubtcdlv the result of stimulation of bare nerve endings as well as spe 
cnlized end organs some of these latter being provided with flagella The 
annelid worms not only have bare nerve endings permeating the outer regions 
of the shin but also have sensory cells specialized for contact (Figure 115) 
llairhhc structures penetrate to the outside of the cuticle reflex activity rc 
suiting when thev arc stimulated I he anterior segment (prostonmim) of 
the earthworm is especially sensitive and it is found that nnnv nerve ending 
pervade this region 

The arthropods have lost their surface scnsitivitv for the most part be 
cause of their clntinous cxoshclcton 11ns difficult! is overcome bv the 
presence of verv sensitive tactile hairs When an object males contact 
with these hairs which protrude between segments and joints pressure is 
brought to bear on sense cells at their base resulting in the passage of mi 
pulses over the sensorv neurons leading from the organ 11ns is similar to 
touch reception in higher animals the hairs of which have sensorv cells at 
their base which arc activated bv pressure \mmals belonging to this group 

{cravfish lobster insects and other arthropods) also have verv specialized 
organs for touch in their antennae It is a common sight to sec an insect 
191 
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or a crustacean creep slow 1 j along waving its antennae in all directions, 
stopping when the antennae make contact with an object, and then pro 
cceding again 



FIGURE 113 FIGURE 114 

A tactile sense organ in Tactile lntr of an arthropod 

tl c outer sVin lijct of the 

caittmorni 

It w is not until iSSe tint a diusiou of the cutaneous end organs in min 
and other vertebrates into heat cold and pressure spots was unde- it was 
even liter before i fourth tjpc of sense organ in the cutaneous region — pdin 
spots — was discovered 
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If the hair is touched in any way to bring pressure against its endings, the 
resulting sensation is that of touch. The hairs exaggerate the pressure of 
any object with which the)' come in contact because they act as levers. For 
example, brushing lightly a hairy surface of the body with cotton can be 



FIGURE 115 

Section through skin showing the various receptors in the cutaneous and subcutaneous 
regions 

sensed quite readily. If the hairs are shaved, the sensitivity is greatly re- 
duced. Cat’s whiskers (vibrisae) and the whiskers of other animals of this 
type are very useful as touch organs. All three of these structures (Meiss- 
ner’s corpuscles, bare nerve endings, and nerve endings surrounding hairs) 
arc concerned with pressures of less than 10 g. If the pressure is greater 
than this, other sense organs (deep pressure) arc brought into play. The 
Pacinian corpuscle functions in this latter category. /Vs seen from the 
figure, it is laminated and has an appearance quite similar to an onion which 
has been cut in cross section or longitudinally. These corpuscles arc often 
near the surface and arc easily located in the paw of a cat. They arc found 
chiefly in muscles, tendons, and joints and in this capacity behave as pro- 
prioceptors (page tS 6 ). 
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An instrument known as an esthesiomctcr is often used to ascertain the 
sensitivity of the skin to touch It usuall) consists of a simple wooden 
holder to which bustles (or other fibers) can be attached B> calculating 
the number of grams ncccssar) to bend hair of \anous thickness it can be 
determined bj trial the precise hair that will just elicit a sensation of touch 
when bent at a certain angle (The pressure in grams necessary to bend 
the hair is known ) The ability to detect touch varies considcnblj over 
the bods surface 

LOCALIZATION AND DISCRIMINATION 

When the skm of an individual whose ejes are closed is touched he can 
with a certain degree of accurac) recognize the location of the stimulus 
The abihtv to localize sensation of touch in this way vanes at different points 
on the skm being much greater for example when the stimulus is applied 
to the lips or the tip of a finger than when applied to the tlugh or the back 
flic abihtv to discriminate between two points stimulated at the same 
time (that is the abihtv to feel two distinct sensations) depends upon the 
distance between the two points which distance varies with the region stim 
ulalcd Hie discrimination test is sometimes called the compass test be 
cause usualU a pair of compasses is used and the least distance found be 
tween the compass points at which thej mav be sensed as two distinct sensa 
tions is a measurement of the acuitv for th it particular region I igurc 116 
illustrates the abihtv to discriminate at different areas on the bod) 

Vhc power to localize and discriminate appears to decrease from the more 
distal portion of a limb to the proximal regions It mav also be noted that 
this abihtv appears to decrease from the more movable part of a structure 
to the less movable lor example discriminative power is greatest near 
the bps which art quite movable but decreases considcrablv near the car 
region \ similar relationship applies to the finger tips and shoulder and 




Variations in semitniti in two point or spatul discrimination Tlic distance 
between the compass points indicates the senutmt) in different regions The 
tip of the tongue is most sensitise, the back of the neck feast sensitise (From 
Grcishemict I'hytioiog) and Anatom), by permission of J B Lippmcott Com 
pans ) 
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FIGURE 117 

Illustrating Aristotle s experiment in which a pea or some other 
object is rolled on the palm of the hand by means of crossed 
fingers There is an illus on of touching tw o separate objects 

PROPRIOCEPTORS OF MUSCLES TENDONS AND JOINTS 
The proprioceptors furnish information as to the position and movements 
of the limbs and bod) the) function also in maintenance of posture It 
has been found that in some of the ner\e trunks one third to one half of 
the fibers are afferent and cany to the central nervous system impulses 
which originate in the subcutaneous regions and m receptors within the 
muscles (stretch receptors and the like) By reflex action certain muscles 
especially those concerned with posture contract in a coordinated fashion 
to produce smooth and effective movements or to maintain posture The 
receptors which function in such activity are sometimes referred to as km 
esthetic These receptors escaped notice for years because for the most 
part one is not conscious of any sensations elicited bv the stimulation of 
these receptors (except for movement of the body in space and for direction 
of movement) They respond to mechanical stimuli pressure or stretch 
Several end organs have been found in muscles and tendons which may be 
classified as proprioceptors as follows ( 1 ) The Pacmian corpuscles are found 
in muscles tendons and ]Oints as well as in deep subcutaneous regions (a) 
Muscle spindles (Figure n8) consist of a bundle of three to ten modified 
striated muscle fibers enclosed in a layer of connective tissue These fibers 
arc smaller than the usual striated muscle fiber and have a greater number 
of nuclei and coarser striations When a muscle is stretched afferent nerv c 
fibers leading from the spindle are stimulated and cam impulses to the 
central nervous svstem which return via motor fibers to the muscles causing 
the latter to contract I he degree of contraction depends upon the degree 
of stretch Tlius any tendency of the back or leg muscles to strctcli because 
of the body bending unhnovvinglv, ot tending to bend to one side results 
in an immediate vollcv of impulses to these muscles which causes them to 
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contract and, hence, to maintain the posture of the individual (3) In the 
tendons are found Golgi corpuscles which consist of tendinous fibers, sur- 
rounded by fibrous connective tissue The effective stimulus for these struc- 


FIGURE 118 

Stretch receptors in muscle 
and tendon 

lures is tension {4) Bare nerve endings , man) of which are found within 
muscles and joints, pla> a part in the mediation of deep pain 

THE TEMPERATURE SENSE 

Man) animals are sensitive to changes m temperature and most of them 
have special receptors associated with these changes Protozoans will turn 
awa) from areas of high or cxtrcmel) low temperature and seek more mod 
crate temperatures It is evident from this that protoplasm is sensitive to 
temperature change and, since there are no special receptors in the lowest 
forms, the latter must depend upon direct protoplasmic stimulation 'I cm 
perature sense is well established in the insects and some of them arc found 
to be as sensitive to heat or cold as arc mammals In higher animal forms, 
both invertebrates and vertebrates, two t)pcs of end organs concerned with 
temperature changes arc found, one t)pc for warmth and the other for cold 

TEMPERATURE SENSE ORGANS 

llic end organs of temperature sense and their locations in the skin can 
be mapped out as cold or warm spots in the same vva) that touch spots arc 
mapped out, but b) using a cold mct 3 l rod for ascertaining cold and a heated 
rod for warm spots It is found that the areas sensitive to warmth arc not 
the same as those sensitive to cold One would expect, therefore, to find two 
different tv pcs of end organs Because of conduction, temperature differ 
cnees can be felt almost anwvhcrc on the skin, provided the metal rods arc 
held in contact with the skm long enough In I igurc 1 1 5 (page 193) ,l 
seen that the end organs {Rufiinfs endings) for detection of warmth he 
much deeper than those for cold ( Krauses end bulbs) These end organs 
arc not equal in number On the forearm cold spots number from thirteen 
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to fifteen, and warm spots one or two, per sq mm In exposed parts of the 
shin, such as the face, there are very few cold spots On the other hand, on 
certain mucous membranes there is an absence of warm spots The mucous 
membranes of the throat are of this type and for this reason one can drmh 
fluids much hotter than the shm can bear 

ACTION OF HEAT AND COLD ON END ORGANS 
In spite of the differences m structure and location of these end organs, 
there is some relationship between the sensations of heat and cold Both 
types of receptors are actuallj dependent upon heat exchange for their ade 
quate stimulus It may be said that heat is the actual stimulus in both 
cases, since cold is not a positive quantity, but is caused by an absence of 
heat The stimulation of warm or cold spots depends upon whether the 
temperature at the surface of the shin (external environment) is greater or 
less than that of the subcutaneous layers 

A temperature gradient exists when there is a difference in temperature 
between two bodies The gradient is always directionally from the warmer 
to the colder area, since heat energy passes in that direction The greater 
the difference in temperatures, the greater the gradient and the greater wall 
be the warming or cooling effect 



FIGURE 119 

false sensations Tingcr A after several minutes at 5*C gnes sensation of hot 
ness when placed in tepid waiter (35*0) On the other hand finger D after 
scscral minutes at 50*0 gnes sensation of coldness when placed in tepid water 

Hus mav be illustrated as follows The left hand is placed in hot and 
the right in cold water An inward temperature gradient exists for the shin 
of the left hand, stimulating the beat receptors, and there is an outward 
gradient in the shin of the right lnnd which has a cooling effect because of 
the loss of heat from the cold receptors Gradually these sensations dis- 
appear This is owing pirtlv to adaptation and partlv to the fact that, as 





CUTANEOUS AND VISCERAL RECEPTORS t99 

the skin temperature changes in order to approximate the temperature of 
the environment, the gradient becomes less and less extensive, and, there- 
fore, the stimulus becomes weaker and weaker. Now, if both hands are 
placed in tepid water, the temperature gradients arc reversed. The skin 
of the hand that has been in hot water is warmer than the environment 
(tepid water), and so the cold receptors are stimulated. The skin of the 
hand that has been in cold water is cooler than the tepid water and thus the 
warm receptors arc stimulated. 

'Hie temperature sense seems to be most apparent on the anterior surface 
of the arm, and the surface of the abdominal region, chest, nipples, and nose. 
It is less marked in such areas as the scalp, face, and hands. The sensitivity 
of the temperature end-organs varies greatly with the previous treatment of 
the skin and its present condition, but it is found to be most acute at ordinary 
skin temperatures, 27 to 32 degrees C.; in this range the skin is sensitive 
to a change of 0.2 degree C. 

At very hot or very cold temperatures the skin loses its acute sensitivity. 
In fact, extreme temperatures are thought by some to affect different struc- 
tures from those already mentioned. Evidently, the sensation of extreme 
heat is due partly to temperature sense and partly to pain. 

It is rather difficult to explain some of the cold and warm sensations pro 
duced on the surface of the skin when neither a cold nor a warm object has 
come in contact with it. For example, menthol gives rise to a sensation of 
coldness whereas carbon dioxide causes one of warmth. 

PAIN 

The pain sense seems to warn of danger in that it reveals the presence 
of injurious abnormal conditions. 

Overstimulation of any sense organ such as that produced by loud noises 
and great tight intensities, fur example, results in painful sensatvons. At 
one time it was thought that pain was a common sensation produced b\ 
intense stimulation of other kinds of end organs. However, this belief is 
in violation of the doctrine of specific nerve energies. More recently, the 
discovery of pain receptors, lying in close conjunction with Meissner’s cor- 
puscles, has offered a possible explanation for the observation that strong 
pressure on the skin in a region sensitive to touch may cause a painful sensa- 
tion. If the existence of pain receptors in conjunction with other end or- 
gans in the body could be proven, then painful sensations experienced with 
excessively strong stimuli could be explained. 

Certain definite pain spots can be rather exactly located on the surface of 
the body; but pain sensations are produced also in deeper tissues and organs. 
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These pain spots can be located by means of a needle and do not coincide 
with other end organs (such as those of touch heat, cold) The shin has 
the greatest distribution of pain spots, an incision m the cutaneous region 
is much more painful than one made in deeper organs On the average, 
there are more than one hundred pain spots per sq mm of shin surface 
These specific end organs are evidently bare nerve endings, there do not 
seem to be any modified structures for reception of painful stimuli The 
cornea and glans penis are both nchl\ supplied with bare ner\e endings but 
contain no modified end organs It should also be noted that pain nerve 



endings are not specialized in their type of reception but may be acted upon 
by many hinds of stimuli such as mechanical thermal, and electrical It 
lias also been found that these nahed nerve endings are present m especially 
large numbers in small veins and may be responsible for the extreme pam 
suffered in phlebitis or inflammation of the veins 

Three types of pam are recognized according to location (1) cutaneous, 
(2) deep pam (muscles, tendons and joints), and (3) visceral pain The 
first two are to a certain degree similar in nature, except for position The 
latter is rather difficult to explain 

Visceral Pom 

Just as painful stimuli applied to the surface of the shin warn animals of 
danger, stimuli of the same sort give warning to abnormalities within the 
visceral organs Pamfulness maj compel rest and m this way favor the 
healing of an injured or diseased organ However, the painful sensations 
resulting from stimulation of a visceral organ arc not always associated with 
that organ m consciousness, but may be referred to some other region of the 
body This is called referred pam A satisfactory explanation of this 
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phenomenon has not been made but it is known that the afferent (or sen 
sory) neurons, which lead from the viscera make their entrance into the 
cord m close association with afferent (or sensory) neurons from the skin 
Botli of these neurons end close to cells whose a\ons form ascending tracts 
for impulses arising from stimulation of the skin It is thought, therefore, 
that a painful sensation aroused b) visceral stimulation is projected to that 
part of the body surface whose afferent neuron pathwajs are most closel) 
associated with those of the visceral organ 

In Figure 121 are shown the areas to which pain sensitions from various 
visceral organs are referred For example liver and gall bladder pains are 
felt in the region of the right shoulder and it is found that sensory neurons 
from the shoulder area and sensory neurons from the gall bladder enter 
the cord at the same level Pain as a result of constriction of the ureters is 
felt in the groin region In fact most visceral sensations are painful no 
matter what their origin There are two common causes of visceral pain 
(1) prolonged contraction of smooth muscles as found in spasms of the 
stomach and intestine and (2) stretching of internal organs such as the gall 
bladder and gaseous extension of the intestine 

Headache 

The exact cause of headache is not known It is believed that the surface 
of the brain and the small blood vessels are insensitive to pain However, 
large blood vessels within the meninges and at the base of the brain maj 
contain receptors which are stimulated by distension of the vessel walls tlus 
may be the cause of headache Traction or distension of the membranes 
themselves may be contributing factors Such a condition could be pro 
duced by any agent causing a disturbance in the fluid balance between the 
blood and the cerebrospinal fluid Migraine as well as common headache 
may be explained b> this upset During the period at which one suffers from 
migraine, there is a noticeable water retention (fluids are not removed 
from the body b) the usual means that is, kidnej and skin), which would 
result m a greater pressure m blood vessels and within the subarachnoid 
space as well as the ventricles of the brain Headaches found m persons 
suffering from brain tumor are evidentl) caused bj an increase in the intra 
cranial pressure, or pressure on the nerv es or on the meninges Sometimes 
headache appears as a referred pain such as that suffered v\ hen ice cold drinks 
or ice cream are swallowed too hurnedh Here the effect is evident!) on 
sensorv branches of the vagus coming from the esophagus The pain is rc 
fened to the front part of the head which is innervated bv the trigeminal or 
fifth crannl nerve 
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Referred pam Above, anterior view, on facing page, postenor view The 
cutaneous areas to which pain in the various organs is referred are indicated 
(From Greisheimer Physiology and Anatomy, by permission of J B Lippin 
cott Company ) 


Hunger 

Hunger is a definite sense as contrasted with appetite which should not be 
classified as such The latter is merely a state or condition during which 
food would be acceptable and it is especially aroused in a person subjected 
to pleasing odors and tastes It may be very specific for certain types of food 
and may continue even after hunger has disappeared 

Hunger sensations are very disagreeable and occur intermittently The 
sensation has been found to coincide with waves of contraction that travel 
over the entire empty stomach, which is usuallv m an extreme state of tonus 
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Normally, when food is present m the stomach only the pyloric region shows 
contraction waves Perhaps the great tonic condition plus the waves of 
contraction and the fact that the contractions involve the whole stomach 
are the factors concerned in producing hunger No painful hunger sensa 
tions are felt in a person whose stomach is full ’ or partly so although con 
traction waves pass over the organ continuously, however, under these condi 
tions tonus of the smooth muscles in the walls of the stomach is not very 
great Ev ldcntly, there are receptors imbedded in the walls which are stimu 
lated by the types of contraction described above 

Hunger pangs may last for several minutes and then disappear to return 
at a later time Lventuallv, the effect seems to wear off persons who have 
starved over long periods of time have reported that after a few days thev 
no longer suffer from such pain 

The function of hunger is obvious, and animals suffering from it will seek 
and partake of food The taking of food is a reflex with hunger as its basis 
Hunger becomes rhythmical because of rhvthmical habits The tendency is 
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to become hungry at about the same times each day because a habit of eating 
at those particular periods has been formed If one does not eat at the 
regular period but waits for two or three hours, w'eahness, headache, nausea, 
and general discomfort set in 

Thirst 

Thirst sensations are experienced when the mucous membranes of the 
throat and mouth tend to become dry or partly so Evidently, there are 
receptors in this region which are affected by dryness This condition is 
brought about generally by a reduction in water intake which m turn causes 
the blood to draw upon the tissues of the body (including the salivary glands 
and mucous glands of mouth and throat) for water Thirst can actually be 
relieved by injecting water directly into the veins, it need not be swallowed 
and absorbed Contrary to reports of those who have suffered from hunger 
and thirst thirst sensations are never alleviated and sooner or later lead to 
mental breakdown The desire for water is a property of all protoplasm 
Species of animals found m wafer need not have special structures In such 
animals, however, as earthworms and frogs, which depend entirely or to a 
considerable extent on absorption of oxygen through the skin layers, sensa 
tions akin to thirst must come into play to force them to seek moisture (re 
flexly ) , or at least to seek a location where the moisture they already have will 
not be lost It is highly probable that the thirst mechanism, including the 
end organs specialized for thirst, evolved from such mechanisms as are pos 
sessed by these lower forms 
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All animals react to chemicals in their emironment In the case of am 
mals that live in water, chemicals must be soluble m the environment in 
order to be detected In the case of terrestrial forms thej must be soluble 
m saliva or the water) layer of the mucous membrane m the mouth, or dis 
solved in the blood Even protozoans, such as Amoeba or Paramecium, 
have a very delicate chemical sense An amoeba responds readily to the 
presence of food in the environment and will move toward it and engulf it, 
a paramecium wall do the same and wall respond positively to very weak acid 
solutions Paramecia, if placed under a cover slip on a microscope slide to 


FIGURE 122 

Paramecia reacting to a bubble of carbon di 
oxide gas Note their apparent a\oidance of 
oxygen (after Jennings) 

which is also added a bubble of carbon dioxide, will collect around the mar 
gin of the carbon dioxide bubble Presumably the weakly acid reaction of 
the water at the margin is sufficient to' attract the organisms This chemi 
cal sense” is fairly generalh distributed throughout the invertebrates 
The arthropods and vertebrates are very well specialized Butterflies have 
organs on their tarsi (feet) by which thev can detect very dilute concentra 
tions of substances, such as sugar If the tarsus is placed in dilute sugar 
water, a butterfly responds b\ uncoiling its long tongue or proboscis (which, 
when curled up"" looks like a watch spring) and placing it in the solution 
It is said that the tarsi of butterflies can detect a concentration of sugar two 
hundred and fifty times more dilute than that of the weakest solution that 
can be detected bs the taste organs of humans The sense of smell of butter 
flics is also very keen 

In amphibians and fishes, taste organs are found all over the surface of the 
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body, thus the catfish can detect meat juices in contact with the sides of its 
body 


COMMON CHEMICAL SENSE 

As has been pointed out previously, all protoplasm is acted upon by 
chemicals in the surrounding solution, especially if their concentration is 
high, the response of the organism indicates the possession of a chemical 
reception Those mucous surfaces in man that are more or less exposed 
to the outer environment are sensitive to mam chemicals In some cases, 
the sensitivity may be owing to an osmotic effect, in others the effect is truly 
chemical The nasal cavity, mouth, pharynx, anus, and vagina, structures 
lined with a mucous membrane are often irritated by contact with chemi 
cals A sensation far different from taste or smell is perceived, it is usually 
one of irritation which may result in an intense desire to scratch, to cough, or 
to sneeze The response in such cases is alwavs a protective one 

CHEMORECEPTORS IN AORTIC AND CAROTID BODIES 
In mammals, there are several tvpes of chemoreceptors One type that is 
mentioned again (page 369) in the discussion on circulation is that which is 
found in the aortic and carotid bodies These receptors are stimulated by 
a low oxygen tension or oxygen lack in the blood (anoxia and anoxemia) 
These receptors function m association with the respiratory center under 
conditions which bring on anoxia conditions existing at high altitudes or 
in environments where much of the oxygen has been replaced by other gases 
They may be affected by high carbon dioxide tensions, but under normal 
conditions the respiratory center of the medulla regulates this to such an 
extent that the carbon dioxide tension m the blood is far below that which 
would stimulate the carotid or aortic bodies 

OLFACTORY SENSE IN MAN AND OTHER ANIMALS 
Man can detect chemicals which are volatile enough after reaching Ins 
nasal cavity through the air, to come in contact with specialized olfactorv 
structures (Figure 123) Both taste and smell are excellent examples of 
chemoreception Tram experience, one usually looks upon smell as being 
conveyed through air and taste through water Actually, in both cases the 
stimulating substances are conveyed to the receptors by water, that is, sub- 
stances must be in solution when they reach the end organs of taste in the 
mouth or those of smell in the nasal cavity Usually the substances one 
smells are verv volatile chemicals whereas those one tastes are not so volatile 
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However, most of the so called ‘ tastes ’ are mixtures of both It is true that 
the substances carried through air (the more volatile) are more potent in 
their action than those earned through water, and so, much lower concen 
trations of the former are needed to stimulate In other words, the sense 
of smell is a rather powerful one There are many animals with a sense of 


FIGURE 123 

The nasal cavity as viewed from the sep 
turn showing the olfactory region and the 
conehae formed by the turbinate bones m 
the respiratory region of the cavity 

smell much more acute than that of man Thus dogs cats, and some in 
sects and crustaceans all ha\e a \en keen sense of smell The male moth 
can detect a female miles away the sense organs of these insects are found 
in the antennae 

There are two areas or regions in the human nasal cauty — the respiratory 
and the olfactory The respiratory area or region is richly supplied with 
blood (hence the red color) and has many free ner\e endings surrounding 
the epithelial cells This part of the nose is \ ery sensitn e to irritating chemi 
cals such as ammonia acid \apors and ether Usually these substances do 
not enter the uppermost region of the nasal cavity (olfactory region) because 
they give rise to a reflex holding of the breath when thev come m contact 
with the nerve endings and thus sene to present damage to these areas 
Impulses are earned by the trigeminal nerve, but the sensation is one of imta 
tion and not a true odor 

The conchae of the respiratory region are especially vascular and at the 
same time erectile During colds allergic reactions and the like, they be 
come quite swollen because of irritation Certain drugs will bnng about a 
reduction in the swelling The high vascularity of this region functions in 
the moistening and warming of the air as it goes to the lungs 

The olfactory area, innervated by the olfactory nerve, occupies about 250 
sq mm of surface on each side in the uppermost part of the nasal cavity 
It is yellowish brown in color as compared with the reddish respiratory area 
Because of its situation in order that an odor mav be detected most effi 
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cicnfly, the ait must be drawn m as short sniffs, which results in a stirring 
action that brings about a mixing of the air with that in the upper nasal 
cavity. 

The olfactory epithelium consists of three types of cells: (i) basal cells; 
(a) epithelial supporting cells; and (3) olfactory cells (Figure 114). 

In spite of their perfection in sensing odors, the olfactory cells arc very 
simple and primitive. It is not understood how 
| n I] PI U the end organs function in recognizing numer 

tl 11 I I !i c«« e,Bnr ous odors The sensor) cells responsible for re 
ccption of odors consist of nerve cells from 
which sensor) hairs protrude. These hairs arc 
actuall) protoplasmic protrusions of dendrites 
of the modified nerve cell 

It has been suggested that the vims of polio- 
mvchtis mav gain entrv bv way of the olfactory 
bulb (Figure 123); investigations have been ear- 
ned out in winch the ol factor)- epithelium of 
monVqs has been destroyed by zinc sulfate in 
an apparently successful attempt to prevent en- 
trance of the virus. However, this view* is still 
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Cell* of olfictor) epithelium, 
slight!) Kpnratcsl to *liov\ 
Ihnr ifructuit and position 
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Degree or acuity of olfaction can be estimated by use of Zvvaardemaker’s ol 
factometer (figure 125) 



The olfactometer as devised b) Zvvaardemaker The solution to be 
tested is placed in the cylinder, the smelling tube is applied to the 
nostnl 


Acuity of the olfactory sense in women and children is said to be superior 
to that in men, it vanes considerably in different persons, m that some have 
exceptional keenness, whereas others are completely deficient This sense 
adapts itself quite readily Foulness m the air of a room may not be detected 
by persons who have been m the room for some time whereas it is detected 
immediately by one walking in from the fresh air outside One can be 
come adapted to one odor without affecting his ability' to detect another of 
a different sort The sense of smell recovers from the adaptation quite 
readily 

Many substances which act upon olfactory endings have peculiar char 
actenstics in that their action may be of two types — the effect on the end 
organ, and the effect on other nerve endings Such volatile substances as 
already mentioned (ammonia, sulfur dioxide, and acids) besides stimulating 
the nerve endings of the olfactory area to receive and sense their peculiar 
odor, also stimulate bare nerve endings (and possibly other tactile endings) 
The two sensations result m the “pungent” effect which these substances 
have 

Many attempts have been made to classify odors and although no entirely 
satisfactory classification has been suggested, Henning’s can be given as 
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aently the au must be drawn in as short sniffs which results m a stirring 
action that brings about a mixing of the air with that in the upper nasal 


cavity 

The olfactory epithelium consists of three types of cells (1) basal cells , 
(2) epithelial supporting cells, and (3) olfactory cells (Figure 124) 

In spite of their perfection in sensing odors, the olfactory cells are very 



FIGURE 124 

Cells of olheton cpitl clmm 
si ghtly separated to show 
their structure and pos tion 


simple and primitive It is not understood how 
the end organs function in recognizing numcr 
ous odors The sensory cells responsible for re- 
ception of odors consist of nerve cells from 
which sensory hairs protrude These hairs are 
actually protoplasmic protrusions of dendrites 
of the modified nerve cell 

It has been suggested that the virus of polio- 
myelitis ma\ gain entry by way of the olfactory 
bulb (Tigure 123), investigations have been car 
ned out in which the olfactory epithelium of 
monhevs has been destroyed by zinc sulfate in 
an apparently successful attempt to prevent cn 
trance of the virus However, this view is still 
controversial 


The fact that there is usually no direct contact between the incoming air 
and the olfactory epithelium is of considerable benefit Several advantages 
arc (1) the cold air of the external environment docs not come into contact 
vv itli the olfactory region and so can do no damage to it ( 2 ) if the air should 
be dry the fact that no contact is made with the sensory cells protects them 
from dn mg (3) substances such as ammonia acetic acid and noxious fumes 
of various tvpcs do not come into direct contact and hence do not damage 
the area and (^) bacteria and various foreign paiticlcs which might do 
liami arc not so apt to reach this part of the nose 


Acu tf el lli* Olfoclafy Scnic 

Hie concentrations of chemicals ncccssarv to excite the ol factors endings 
arc very dilute Tor example 001 mg of mercaptan (an organic sulfur 
compound) in 230 cubic meters (or .0x00004 mg in 1 liter) of air can be 
detected Ilic quantitv in direct contact with the end orgins of the olfac 
ton epithelium would be much smaller I thcr and oil of wintcrgn.cn can 
lie detected m concentrations equal to 00C03 mg per liter of air mml in 
concentrations of oxxoiz mg per liter and vanilla 00001 mg per liter 
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Degree or acuity of olfaction can be estimated by use of Zvvaardemaker’s ol 
factometer (Figure 125) 



The olfactometer as devised b) Zwaardemaler The solution to be 
tested is placed in the cylinder, the smelling tube is applied to the 
nostnl 


Acuity of the olfactory sense in women and children is said to be superior 
to that in men, it varies considerably in different persons, in that some have 
exceptional keenness, whereas others are completely deficient This sense 
adapts itself quite readily Foulness m the air of a room may not be detected 
by persons who have been in the room for some time whereas it is detected 
immediately by one walking m from the fresh air outside One can be 
come adapted to one odor without affecting his ability to detect another of 
a different sort The sense of smell recovers from the adaptation quite 
readily 

Many substances which act upon olfactory endings have peculiar char 
actenstics m that their action may be of two types — the effect on the end 
organ, and the effect on other nerve endings Such volatile substances as 
already mentioned (ammonia, sulfur dioxide, and acids ) besides stimulating 
the nerve endings of the olfactory area to receive and sense their peculiar 
odor, also stimulate bare nerve endings (and possibly other tactile endings) 
The two sensations result in the “pungent” effect which these substances 
have 

Many attempts have been made to classify odors and although no entirely 
satisfactory classification has been suggested, Henning’s can be given as 
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typical He distinguishes the following types (i) flowery, as in roses and 
violets, (2) fruity, as in lemons and oranges, (5) spicy, as m nutmeg and 
cloves, (4) resinous, as m frankincense, (5} putrid, as from hydrogen sulfide 
and carbon bisulfide, (6) burning, as in tar 

SENSE OF TASTE IN MAN AND OTHER ANIMALS 
Taste is a sense upon which the animal may depend in order that proper 
diet may be obtained It is not simply a luxury bestowed upon higher ani- 
mals so that food may be enjoyed to a greater extent, but under some circum 
stances it may be a \aluable guide in the selection of substances neccssan 
for the life of animals In recent years it has been shown that some animals 
(rats and humans) depend upon it for maintenance of constancy within 
the internal medium, as well as in nutritional selection Rats suffering from 
dietary or endocrine deficiency will choose those substances that will benefit 
them the most by correcting the deficiency It is found that an adrenalec 
tomized rat will select sodium chloride solutions which will support the life 
of the animal, since it would die within a few days without the cortical hor 
mone of the adrenal gland which regulates sodium chloride metabolism 
Cases of adrenal cortex insufficiency have been reported in children who 
managed to keep themselves alive temporarily by selecting sodium chloride 
(by taste) in their diets A rat with vitamin deficiencies will select those 
substances containing the necessary vitamins, but rats if their nerves of 
taste are destroy ed, will be unable to select, and w ill eventually die Tins is 
one indication of the importance of taste to the life of an animal 

As brought out in an earlier discussion, taste is usually so linked w ith the 
sense of smell that it is often difficult to distinguish between the two Ha 
vors are dependent upon both of these receptor systems 

In some fish, taste end organs are found all over the body, m insects, on the 
tarsus (foot) and the antennae In man, >hey are found in the mouth re- 
gion, chiefly on the tongue However, they are found also on the pharvnx, 
soft palate, epiglottis and, m the infant, on the checks, lips, gums, and under 
surface of the tongue 

Toste Buds 

The taste buds are found chiefly on the tip, sides and posterior region of 
the upper surface of the tongue They appear as oval bodies, each about 
8 X *10 microns in size They arc enveloped by cortical reticular cells and 
consist of many closely packed cells with l) 3 irhkc projections protruding from 
the taste pores (Figure 126) The nerve fibers leading to each taste bud, 
end m nnm nonmcdullatcd arborizations which penetrate each taste cell 
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Manj of the taste buds are not located directl) on the surface of the tongue, 
but he in depressions between elections appearing as papillae on the sur 
face There are three tvpes of papillae on the tongue ( 1 ) The fungiform 
which has a general shape similar to a mushroom, (2) the filiform, and (3) 
the circum\allate papillae The fungiform and circurmallate are found 
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FIGURE 126 FIGURE 127 

A taste bud from tongue papilla Diagram of a circunnallate papilla showing 

location of taste buds 


chiefly on the posterior surface and contain a rather large number of taste 
buds (Figure 127) The filiform papillae he on the anterior surface of the 
tongue and are probably concerned with tactile sensation The nenes of 
the chorda tympam innenate the taste buds of the anterior two thirds of the 
tongue, those of the glossopharyngeal the posterior part and the root of the 
tongue, and those of the vagus the epiglottis, pharynx and larynx 

Taste acuit) decreases with age as do the number of taste buds It has 
been found that from infancy to about twent) 5 ears of age the a\erage num 
ber of buds of certain papillae is about 245 In old age (seventy five to 
eighty years) these are decreased to an average of 88 buds, many of which 
are nonfunctional 

Class f cotton of Toste 

In spite of the fact that all taste buds appear to be similar morphologically 
there must be at least four different tvpes since it is found that four distinct 
taste qualities exist ( 1 ) The sour taste is aroused by acids or acid salts The 
hydrogen ion concentration is the actual stimulus for this but its effect dc 
pends upon how well it can penetrate cells Tor example, acetic acid is 
much more effective in producing a sensation of sourness than the same 
concentration of hvdrochlonc acid (a much stronger acid ) because appar 
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cntly, the former pcnctntcs the cell much more rapidly. 'Hus taste is dc 
tcctcd most readily on the sides or edges of the tongue (1 ignrc 128). (2) * 
Hie sued taste is elicited by tiic presence of 
sugars (the alcohols, aldehydes, and ketones of 
the aliphatic senes). Such substances as chloro- 
form and lead acetate (sometimes called sugar 
of lead) also produce sweet sensations 'Hie tip 
of the tongue possesses the taste buds most sen 
sitnc to the presence of sweet substinccs (3) 
The salt) taste s cans to be caused chiefly b) 
anions such as chlorides, bromides, iodides, sul 
fates and nitrates of sodium and potassium The 
tspical salt is, of course, sodium chloride Tins 
taste is most evident on the tip and sides of 
the tongue {4) The bitter taste is characteristic 
of alkaloids (quinine is typical and is used in the 
laboratory to demonstrate this sensation) and a 
senes of unrelated substances, such as ether, Ep- 
som salts, and picric acid Tins taste is most 
concentrated at the back of the tongue and the pharynx 



Surface of tongue showing 
papillae and localion of 
various taste sensations 
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THE NATURE AND PHYSICAL PROPERTIES OF LIGHT THE SPECTRUM 

Animals respond on)} to a tery narrow band in the spectrum This is 
indicated in the accompanying figure (Figure 129) for vision m man Light 
waves are measured in angstral units The rays which affect the eyes of 
man are called usual rays and he between 7500 angstroms (or 750 milh 
microns) and about 4000 angstroms (or 400 millimicrons) Light, of v\ave 



Diagram of the visible spectrum Greatest luminosity is in the yellow and green 
region the greatest energy in the infra red region 
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there is a change from yellow to green, at 5000 to blue green, at 4500 to blue, 
at 4000 to violet Beyond the violet, visibility ceases Thus, as the wave 
length varies over the spectrum there is a gradual change of color from red 
to violet 



FIGURE 1B0 

While light dispersed by a prism 
so that its constituent ware 
lengths are separated to form a 
spectrum 


PROPERTIES OF LIGHT IMPORTANT TO VISION 
There are certain properties of light which make it of utmost importance 
to v lsion These properties are ( 1 ) that of traveling in a straight line, (2) 
that of being refracted, and (3) that of producing a chemical change The 
first property, that of tra\eling in a straight line, is demonstrated by shadow 
formation This one direction is maintained as long as the light is passing 
through one medium, for example, air or water However, if light passes 
from air to water, or vice versa, it is refracted (bent) at the surfaces of the 
two media but, having been bent, will then continue again in a straight line 
in the new direction The principles involved in this phenomenon arc 
shown in Figure 131 Most individuals, at some time or another have 

probably observed this second property of light when looking at an object in 
water A stick or pencil placed partly in water has the appearance of being 

x 

FIGURE 131 

Diagram illustrating refraction of light The perpendicular ray 
(\-\ ) docs not change but any incident ray (A-B) is refracted 
the deflection is toward the perpendicular ABX the angle of 
incidence is alwajs greater than the angle of refraction, CBY, 
and the greater the refractory power the smaller the angle of 
refraction The index of refraction is calculated b) taking the 
ratio of the angle of incidence to the angle of refraction 

bent It is this property that results in confusion when looking down into a 
body of water, especially at an angle, one is apt to judge that it is shallower 
or deeper than it really is 
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Light produces a chcnucil change in some substances Tins mu be re 
ferred to ns a photochemical change and is the third property of light men 
honed abo\c Photochemical changes arc well demonstrated in the field 
of photographs Before light max base an effect of this sort, it must be 
absorbed In other words, fight, in order that it may bring about a chemical 
reaction, must be absorbed ( Drapers Law) 

THE OPTICAL PROPERTIES OF MATTER 

It is common knowledge tint one of the optical properties of matter is to 
absorb light to a Inglil) \ amble degree Some matter, such as glass or water, 
appears to be almost completely transparent but when sufficicnth thick it 
becomes apparent that these substances also absorb much light Light mar 
be reflected, especially b\ matter which presents a smooth surface, so that 
many light wanes arc thrown off If, hones cr, the surface is rough rcflcc 
tion takes place in all directions so that a diffuse light results due to the fact 
that the rays are scattered Therefore it is seen that four different processes 
may occur when light falls upon matter it max be (1) partialis absorbed 
(a) transmitted, (3) reflected, or (4) scattered It is believed that in most 
cases all of these processes take place to a certain extent 
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FIGURE 132 

Illustrating the optical properties of 
matter 



tem, which concentrates the light Lenses or lenshke structures are found in 
many types of photoreceptors It has been pointed out that even in plants, 
cells may be modified to function as lenses Lenses are found as well in the 
photoreceptors of many animals As in the case of all other stimuli dis 
cussed previously, protoplasm itself is sensitive to changes in light intensity 
This is evident in the case of an amoeba which, upon contact with light, 
moves away from the source The sjme can be said of sponges and coe 
lenterates 

Between the lowest invertebrates and the most advanced vertebrate am 
mals there is a great difference in the structure of photoreceptors The sim 
plest tjpe is the red ejespot found in euglenoid forms of protozoans The 
eyespot (or stigma, as it is sometimes called) is sensitive only to light 
changes This is true also of those found in such groups as coelenterates 
and flatuorms The colored pigment (red or black) absorbs light rays and 
the resulting chemical changes set off an energy flow which eventual!) 
brings about movement awaj from or toward the source of light 

Figure 133 shows a green flagellate, indicating the position of the e>espot 
which consists of a lens and a pigment layer 



A green flagellate show Single celled eje of an earthworm 

mg pigmented cvespot (after Hess) 


There is apparentt) ver) little homologv among the usual organs of 
metazoans Often the same animal will have two different kinds of c>es 
(insects) In Ilic molluscans there arc exhibited photoreceptors from the 
simplest ejespot to complex eves somewhat similar to those of vertebrates 
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The earthworms and certain dams ha\c ejes consisting of single cells 
Iming within them a lcnshkc structure, which refracts the light and concen 
trates it on a network of ncurofibrils 
A \cr) simple cvcspot is tint found on the mantle edge of one of the mol 
Iusks { Solcn ) As shown in Figure 135, the e>cspot consists of a group of 
light sensitise cells (epithelial cells), which liaic a hcav) mass of black or 


FIGURE 135 

Section through the ejespot of a 
mollust Solcn 

dark brown pigment at their distal ends, form a rather thickened region 
as a result of their lengthening The niollusks respond to light only when 
it strikes these spots The cuticle region also shows a transparent thickening 
which represents a lens, arranged so as to concentrate the light rays on the 
pigmented region 




FIGURE 136 

The p nhole camera eje of Nautilus 
(after Hess) 
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the cornea of more specialized photoreceptors Figure 157 shows a draw 
mg of the eyespot of Planarta It consists of a pigmented cellular layer, in 




FIGURE 137 

Section through the ejespot of 
flatworm Planana 


the form of a cup and made up of more than one hundred separate cells 
The pigmented lajer is in the distal part of each cell and the nucleus, in the 
proximal Many visual cells (rods or rhabdomes) are found, the so called 
afferent ends of which come in close proximity to the pigmented layers of 
the cup These visual cells arc specialized nerve cells the axons of which 
lead to centralized ganglia Note that their position m front of the pig 
ment layer is similar to the position of the end organs and nerve cells of the 
vertebrate retina 



FIGURE 138 

The simple eje of an insect 


Am one who Ins studied biology or zoology has sonic acquaintance with 
the very interesting eves of the insects Some insects and the spiders have 
simple eves (Figure 13S) Other arthropods have compound eves which 
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in some cases are supported b) stalks so that thc\ can be mo\ed in different 
directions When examined closcl) with a magnifying glass these eyes arc 
found to consist of a large number of squarchke or hexagonal partitions 
known as facets Each facet is the outermost part of an elongated structure 
called an ommahdium Each eve of a eras fish contains about 2500, and 
each c\c of the dragonfly about 30000 omnntidia Each ommatidium is 
separated from the others by walls lined with pigment cells and is able to 
receive impressions of onlv a small portion of the object directly in front of 
it Hence, a mosaic image of the object is reproduced in the eye b\ the 
separate impressions created within each of the mam ommatidia For this 
reason it is thought that animals with compound cy es may see objects better 
if m movement since a series of changing impressions would result Tlius 
the eycupon the movable stalk would be of a definite advantage Bees mos 
quitoes, and butterflies can distinguish color although not to the same 
extent as can humans 

THE VERTEBRATE EYE 

In vertebrates the visual mechanism consists of two eveballs which m 
man and a few other animals are arranged m such a wav that there is con 
siderable duplication of image How c\ er, in most v ertebrates the e\ es dupli 
cate only to a very slight degree Each eyeball is placed in the fore part of 
the bony orbital cav ltv and the range of \ lsion is increased greatlv bv the fact 
that it can be moved in different direction* by the muscles attached to it 


The Exlnns c Muscles of the Eyeboll 

There are six external or extrinsic muscles attached to the eveball which 
function m producing rotation of the latter four are recti and tvv o are oblique 
muscles (Figure 139) One of the outstanding characteristics of eye move 



external 

Rictus 


FIGURE 139 

Left e\ctn!l ill strat ng m isclcs 
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merits is the ability of these muscles of the two ejes to function in a coor 
dmated manner If it w ere not for the fact that both c) cs mm c at the same 
time in the same direction, there would \ery often be a doubling of vision 

The Structure of the Eyeball 

The cscball is spheroid in shape and \anes in size but is on the ascragc 
about 24 mm in diameter It lies near the front of the orbital caut), loosel} 
embedded in fatts tissue and protected bj the cjclids It is composed of 
three tunics or outer hjers the outermost, the tunica fibrosa , the tunica 
uiscu/oM ljmg bcncith it, and the delicate innermost retina or tunica m 
tenia The outer laser of the e>c (tunica fibrosa) comprises two parts, the 
greater part of its external suifacc consists of sclera In fishes, amphibians, 
reptiles and birds, the sclera is parth or cntirch made up of cartilage, in the 
whale and swordfish it is largch bone, in most mammals, it consists of 
dcnsch interwosen bundles of white fibrous conncctwc tissue accompanied 
b\ clastic fibers cspcci 3 ll\ where the ocular muscles join the sclera 
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greater curvature than the rest of the eye The cornea of different animals 
mat vary greatly in size but, in general, nocturnal forms have larger corneas 
than diurnal, which, of course, gives the eye of the former type an advantage 
in that more of the weaker light rays may pass through it The sclera is in 
contact w ith a \ erv \ ascular, pigmented coat called the choroid Anteriorly , 
the choroid becomes modified into several structures, namely the iris and 
the ciliary body which contains ciliary muscles and ciliary glands and to 
which the suspensory ligaments (discussed below) are attached The cho- 
roid, ciliary body, and ms make up the tunica -\asculosa , which is extremely 
vascular and is intimately bound or attached to the epithelial pigment layer 
of the retina In cases where the retina becomes detached, its epithelial 
pigment layer remains adherent to the choroid The retina ( tunica interna ) 
is spread out over the choroid layer and has connection with the optic nerve 
All of these layers aid in the formation of the spherical cavity which mates 
up the internal part of the eye and which contains the lens, the aqueous hu 
mor, and the gelatinous \itreous humor The lens, a biconvex structure 
with high refractive index, is found just behind the opening in the ins, being 
held in place by the suspensory ligaments The aqueous humor is the fluid 
found in the chambers anterior to the lens of the eye whereas the vitreous 
humor fills the cavity behind the lens These fluids, so called are under 
pressure and the eye is, therefore, virtually a solid organ which possesses con 
siderable rigidity 
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foreign body with the eyelashes, (5) during sleep and other states of cerebral 
depression, (6) on sneezing 

In many vertebrates (many fish, amphibians, and reptiles) the eye is cov 
ered with a transparent skin, and m others (sharks, crocodiles, and birds) a 
third hd or membrane mo\cs transv ersely across the front of the eye with 
attachment at its inner angle This structure is called the nictitating mem 
brane and is present in mammals only as a rudimentary, useless structure m 
the inner corner of the eye In fish, such a membrane protects the eye from 
sand and other particles m the water and at the same time does not shut out 
light entirely, so that the animal can still sec objects In the bird it protects 
the eye from particles in the air, pre\ ents too much evaporation of tear fluid 
during flight prevents, also too much light from passing through to the 
retina especially when the bird is flying toward the sun, and reduces the effect 
of ultraviolet and infrared rays which are more abundant at high altitudes 

The Lacrimal Glands 

The cornea and conjunctiva are constantly moistened and washed by 
secretions from the lacrimal glands The latter lie m the upper and outer 
part of the orbit and usually secrete just enough fluid for moistening the 
outer surfaces the secretion keeps pace with evaporation As the fluid 
leaves the glands it is spread over the eye by capillary attraction, aided espe 
cially by movement of the lids If there is too rapid a secretion, some of the 
fluid can be carried away by the lacrimal canal located at the inner angle of 



FIGURE 141 

Right eje with upper and lower 
lids cut away to illustrate position 
of lacrimal glands canals and sac 
and nasolacrimal duct 


the eye The orifice, or opening of the canal, is seen in the center of the 
papilla occurring there The canal finally passes into the nasal cavity 
The secretion of tears is a reflex and is induced m many wavs (1) imta 
tion of the cornea or conjunctiva (2) irritation within the nasal cavity, (3) 
emotional excitement, (4) too brilliant an illumination Secretory fibers 
arc innervated bv the seventh (facial) ncnc 
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Tear fluid is alkaline in reaction and consists chiefly of water (about 98 1 
per cent) It also contains chloride and bicarbonate salts of sodium along 
with mucin, albumin, and debris It has a bactericidal action which is 
probably owing to lysozyme, an enzyme capable of destroying many types of 
microorganisms 

The Cornea 

The transparent cornea extends anteriorly from, and is a continuation of, 
the sclera It has the most refractive surface to be found in the eye, its 
radius is about 8 mm It is nourished by means of lymph which, in the 
healthy eye, can flow through the cell spices When diseased, or during de 
velopment, it may be nourished by blood \essels which proliferate in from 
its edge Within the cornea arc found only bare nerve endings which un 
doubtedly account for the severe pain suffered when even minute foreign 
bodies come in contact with it 

In general, the cornea functions in the same way as a photographic lens 
in that the light rays coming to it are refracted 111 such a manner as to focus 
slightly behind the retina The cry stalhne Jens, immediately behind the ms 
permits a sharp focus The cornea ma\ be compared to the coarse and the 
lens to the fine adjustment of a microscope 



accommodation, because the pressure against the choroid would be so great 
that the action of the ciliary muscles would be ineffective. 


When pressures greater than normal develop m the eye, the condition 
is called * glaucoma ” The normal pressure inside the eyeball (intraocular 
pressure) m man is about 25 mm Hg It should be noted that the refrac 
tive properties of the eye would be unsatisfactory if the eyeball were not 
under tension An unevenness in the cornea, or any abnormally relaxed 
ciliary body, would impair the usefulness of the eye as an optical structure 
Thus, some degree of pressure within the intraocular fluid is essential How 
ever, in certain abnormalities of the eye, the drainage canal may become 
closed This may be owing to pressure on the lens in the farsighted eye or 
because of actual blockage of the canal vv ith debris Such abnormal pres 
sures result in glaucoma The signs of this condition are an extremely hard 
eyeball and dilated pupils which are very sluggish m action Ultimately, in 
jury to the retina may cause blindness. 


The iris situated in front of the lens (Figure 142) consists of a rather deli 
cate framework or pattern of connective tissue, arranged for the most part 



Section of the ins of the human eye, showing the arrangement of the sphincter 
muscles (for constriction) and the longitudinal contractile cells (for dilation) 

The latter are not true muscle cells 

in a radial fashion It has a central opening called the “pupil ’ and con 
tains two layers of smooth muscle fibers the circular fibers, anteriorly ar 
ranged, which act as a sphincter to cause constriction of the pupil, and the 
radial fibers (posteriorly) which extend from the attachment of the ins at 
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the ciliary body to the nm of the pupil The radial fibers cause a dilation 
of the pupil when contracted The iris is normally opaque to light because 
of its pigmentation, the color varying greatly in different individuals The 
blue color of the eye is owing to posterior epithelial cells which contain a 
black pigment The iris appears blue because the color of the pigment is 
transmitted through the outer (anterior) stroma of the ins Other shades 
are a result of the presence of pigmented cells scattered through the stroma 
of the iris In the albino, pigmentation is almost entirely lacking and, there 
fore, most of the light that strikes the cornea will reach the retina unless the 
hds are closed For this reason the eye of an albino is extremely sensitive 
to light 

The ms measures about 11 mm in diameter when viewed from the front, 
it is about 04 mm thick 


Functions of the Ins 

The ins functions in the same manner as the diaphragm of a camera It, 
therefore, can regulate the amount of light entering the eye, so that a more 
uniformly illuminated image may be reproduced on the retina, during ac 
commodation to distant objects it allows more light to enter by dilation, 
whereas during accommodation to near objects it narrows so that less light 
enters the eye Much better refraction is obtained in the central part of 
the lens so that when the circular muscles of the ins are contracted, defini 
tion is improved considerably 

The shape of the pupil, the central opening formed by the iris, \anes in 
different animals Most animals have circular pupils but many nocturnal 
forms possess oval shaped, sometimes vertical pupils (for example, geckos, 
alligators, cats) 
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istrahon of many drugs such as atropine, homatiopme, cocaine, and adren 
aim, these drugs are called mydnatics (mydriasis is pupillary dilatation), (6) 
in hyperactivity of the adrenal glands, {7) during the excitement stage of 
anesthesia, and (8) in powerful stimulation of any sensory nerve 

The Light Reflex 

Constrictor fibers of the iris contract and dilators relax when light falls 
on the retina This is known as the 'light reflex ” An intense light might 
reduce the pupil to the size of a pm point The change from low to high 
illumination must be effected rather rapidly otherwise the pupil does not 
alter its size greatly The diameter of the pupil is greatest after it has been 
in darkness for some time (dark adapted), and may approach 7 5 to 8 mm 
In animals, such as man, having binocular vision and systems m which part 
of the fibers of the optic nerves cross over in the optic chiasma, the light 
reflex is bilateral Thus, when light falls on the retina of one eye it results 
in a simultaneous constriction of the pupils of both eyes 

In some fish and amphibia, such as the eel and frog, the iris, itself, is sensi 
tiv c to light and will contract when exposed ev en though the eye has been cut 
away from its connection, m fact a small piece of the ms shows contraction 
if exposed to light In other words, a nervous mechanism is not essential 
as in the case of mammals, contraction evidently being due to sensitivity 
of the pigmented muscle cells of the ins of these animals 

Spherical Aberration 

The changes in the iris resulting in constriction or dilatation of the pupil 
are important in, and act with, other structures as part of the accommodation 
mechanism In looking at near objects, the pupil must be small, otherwise 
the phenomenon known as spherical aberration is evident This, as shown 
in Figure 143, is because of the fact that the refraction of a lens differs some 


FIGURE 143 

bplicrical aberration The rays of light near the outer edges of 
the lens are refracted more so than those nearer the center 

what m its different zones It refracts most perfectly at its center, which 
is win, in near vision, it is neccssarv to have all the lens, except the center 
cov crcd w ith the iris Othcrw isc, the ravs of light passing through the more 
peripheral parts arc brought to a focus in front of the rctma and a rather Iwv 
image is produced thus when the pupil is dilated greiter thin normal clear 
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near \ iston is impossible When one glances at a distant object the pupil 
natural!* dihtes so ns to allow as much reflected light from the object as 
possible to enter the return Spherical aberration is not so ardent when 
objects arc \ tewed at a distance since the angles produced bv the light rays 
coming from the objects arc so small 

CtiramQhe Aberration 

Hie phenomenon of chromatic aberration mas be explained in the fol 
lowing war) If ravs of white light arc passed through a lens those rass which 
pass through its center do so as white light, whereas those that traserse the 
more peripheral p uts of the lens arc dispersed into their different color wises 
Hie lens functions m the same wi> as a prism and the image appears to be 
surrounded bs colored circles 

When light pisses from one medium to another of greater density it is 
refracted because of the slower movement through the more dense medium 
All was cs arc not affected in the same vvaj howeser thus the longer ssasc 
lengths (red) arc refracted less than those at the siolct end of the spectrum 
so that tlic siolct nys arc brought to a focus in front of the red rajs (I igurc 
) Hus is known as chromatic aberration and occurs in the lens of the 
eye if the latter is treated with atropine (or some other msdriatic) in order 
to dilate the pupil Under normal conditions the lens of the e)c is coscred 



FIGURE 144 

Chromatic aberrihon TI c rays of 1 ght near 
tl c outer edge of the lens separate into their 
colored components Consequently the red 
waves come to a focus I eh met the others 


by the ms to such an extent that light rajs do not strike near enough to its 
periplierj to cause tins phenomenon 

In artificial lenses this condition can be overcome bj the use of certain 
types of glass (combination of crown and flint glass) These arc called 
achromatic lenses because refraction occurs without separation of the white 
light into the various wave lengths 


Inne Votion of the Its 

Nerves from both divistons of the autonomic system send fibers to the ins 
The ciliary ganglion found |ust behind the eyeball acts as a relay station 
of the parasympathetic division and impulses passing over its postganglionic 
fibers cause contraction of the circular muscles and hence constriction of the 
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pupil Sympathetic postganglionic fibers from the superior cervical ganglia 
carry impulses resulting in contraction of the radial fibers and, therefore, 
dilation of the pupil 


The Ciliory Body 

The ciliary bods and ms are continuations of the choroid coat (Figure 
145) The ciliary body lies between the outer margin ( ora serrata) of the 



Tlic structure of tire anterior part of tlie eje showing the relationship of 
the Ciliary bod) to the choroid coat, ins and lens 


retina and the base of the ms It consists of ciliary muscles, glands, and 
ligaments The longitudinal ciliars muscles are shown in the figure, and, 



Ins and cilun p’Occsret as seen 
from behind The lens has been 
removed 


as indicated, arc attached near the point 
where the transparent cornea and opaque 
sclera meet Tims, any contraction of these 
fibers exerts a pull on the choroid, tending to 
draw it forward Tigurc 146 shows the cih 
an processes as seen from a point behind the 
location of the lens, which Ins been re 
moved These arc about sc\cnt\ in number 
and arc arranged in such a wav as to fonn 
thiclcncd 3 rcas around the margin of the 
ms Attached to the inner edges of the 
cilrm bodies arc the smpemon ligaments 
which support the lens Nat mails, a ns 
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forward pull on the choroid releases tension on the ligaments winch allows 
the lens to tike on a smaller radius of curvature (or a greater com exits ) 


Tlie Cryitoirne Leru 

Hie crystalline lens is an chstic tnnsjnrcnt bicomcx structure winch 
is nndc up of man) concentric lasers of fibrous 
cells and is enclosed in an chstic membrane or 
capsule 

It is a rcfracton organ and its chief func- 
tion is to bring the light ras-s alrcads crudclj 
focused bs the cornea to a sharp focus on the 
retina One reason for its poor Tcfrictors power 
in the c>c is that its index of refraction is 
nearh the same as that of aqueous humor and 
vitreous humor If the Jens is dissected out of 
the esc and placed oscr printed matter it is ca 
pablc of considerable magnification because its 
rcfractisc index is greater than that of air If 
houcscr the lens and newsprint arc coitred 
oscr with ssntcr there is sen little magmfica 
tion Tins approximates the condition exist 
mg m the esc and it is esident that the lens 
has rcIatiscJ) little focusing power 



FIGURE 147 

lie rchtne magn tying 
po ers of tl c ex} stall nc 
lens of tl c I uma i e)c 
A in air B m vater 
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The Optical System of the Eye 


Tiif oniCAL s\ stem of the eNc consists of the cornea, aqueous humor, lens 
and vitreous bod), thc\ arc concerned with focusing images of external ob- 
jects on the retim of the esc 11 ns S)Stcin is quite similar to the optical 
system of a photographic camera (Figure 148) The rclatnc importance 
of the cornea and the crystalline lens in refraction has alrcads been discussed 
However, refraction depends not only on density differences but also on the 

TABLE 3 

Refractive Structures and Indexes of the Eye 


Radius of cornea 8 mm 

Radius of Jens anterior surface so mm 

Radius of lens posterior surface 6 mm 

Refractive index of cornea and \itrcous i 54 
Refractive index of lens (equivalent) 1 42 

Refractive index of aqueous humor 1 55 


curvature of the lens Thus in Table 3 are given both radius and refractive 
index of the structures making up the optical system 




FIGURE 148 

Comparison of the lens system of the 
eye B with that of a camera A 


In Figure 148 the light rays from point a on the object, which strike the 
cornea (or the photographic lens), are refracted so that they converge at 
230 
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a’ on the retina (or the camera film) Those from point b bend so that they 
converge at b ' In other words, the image is inverted, humans actually see 
the world upside down but interpret the sensation m the brain so that every 
thing is perceived right side up If one were to place a set of prisms in eye 
glasses so that the image on the retina would be right side up, lie would see 
it as upside down 


ACCOMMODATION IN LOWER ANIMALS 

The mechanism for varying the focus of the eye is called the accommoda 
tion mechanism An eye which is focused on distant objects does not see 
near objects clearly and vice versa Tins is because the image of an object 
near at hand does not fall in focus upon the retina of the ey e when the latter is 
adjusted for v lew ing distant objects Therefore, some mechanism is needed 
whereby the eye can change one or more of its structures in such a way as 
to focus on both near and distant objects as needed, in other words, the eye 
must be able to accommodate itself to these vary ing distances if it is to re 
ceive a clear cut, detailed image of surrounding objects The eves of some 
animals lack this power altogether or are capable of accommodation only 
within narrow limits Hogs and alligators are chiefly dependent upon near 
vision and are not subjected to great variations in distances They are, 
therefore, found to be lacking m ahiht\ to accommodate Most mveite 
brates are chiefly ‘ shadow animals in that it is not necessary for them to 
distinguish objects clearlv, they respond to shadows This is especially 
true to animals below the arthropods and mollusks which possess no struc 
hires that would enable them to see detail 
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FIGURE 149 

Methods of accommodation in different annual! In the bird b» increasing or 
decreasing the cunature of the cornea in ionic mollnsls b> contraction of muscles 
which pull the anterior part of the c)e backward in fish bv morement of the lens 
forward or backward bj means of muscles attached to the lens in mammals by 
greater or lesser cunature of the lens 

Actually, there arc four possible ways rn which an organ such as the eye 
ran accommodate itself to near and far nb|ccts, and in nature are found 
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all of these possibilities represented by the eyes of certain animals: (1 ) In 
birds, the eves arc normally set for distant objects. The eves of those birds 
which must swoop down on their prey from great heights, arc capable of 
the exceptionally rapid accommodation necessary in order that the prey 
may be held in focus. Accommodation is accomplished by increasing or 
decreasing the curvature of the cornea (Figure 149). (2) Some mollusVs 
have eyes in which muscles arc found attached in such a manner as to pull 
the anterior part of the eye backward. In this way, the eyeball is shortened 
(the lens is brought nearer the retina) and the animal is able to accommodate 
for distant vision. (3) The eves of fish do not possess ciliary processes and, 
hence, cannot accommodate by change in lens shape. There are special 
muscles inside the eyeball which actual!)' pttll the lens backward for distant 
vision (since the fish eje also is normally set for near vision) . (4) In mam- 
mals, the lens changes shape. The contraction or relaxation of the ciliary 
muscles aid in this accommodation. 

ACCOMMODATION IN MAMMALS AND MAN 
The substance of the lens of the eye of mammals, including man, is clastic 
and is contained within the lens capsule. Without its normal attachments, 
the suspensory ligaments, it becomes strongly convex due to elasticity, so 
that its curvature is increased both anteriorly and posteriorly. It is much 
flatter when in proper position within the c)c, its greatest radius of curvature 
being when the ciliary muscles are completely relaxed; that is, when the eve 
is focused on distant obj’ects. A greater convexity or lesser radius of curva- 
ture is obtained upon contraction of the ciliary muscles. They pull the 
choroid coat forward, thus releasing tension on the suspensory ligaments 
which in turn allow the lens to decrease its radius of curvature (as it does 
when removed) . When accommodated for distant vision the anterior part 
of the lens has an average radius of 10.0 mm.; for near vision, a radius of 6.0 
mm. 


Amplitude of Accommodation 

The limit and amplitude of accommodation depends on several factors- 
The crystalline lens behaves like any other biconvex lens, and terms which 
apply to the latter also apply to the former. The principal axis is the line 
drawn perpendicular to and passing through the center of the lens. The 
axis usually traverses the nodal point, which corresponds to the optical center 
of the lens where parallel light rays pass through without refraction. Any 
other line that may traverse the center is called a secondary axis. When 
parallel rays of light pass through the lens they are refracted in such a manner 
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FIGURE 150 

The refraction of parallel rays bv a biconvex lens A-B, 
pnnctpal axis which passes through the center of the lens 
The rajs nearest the edges of the lens are refracted more than 
the others The ray passing along the line of the principal 
axis is not refracted at all 


as to pass through a definite point on the axis (Figure 151) This is called 
the principal focus and the distance between it and the center of the lens 
system, the focal distance 



FIGURE 151 

Image formation b\ meins of a bicomet lens The nodal 
point is the scry center of the lens system and rays passing 
through it arc unrcfractcd 

Often, in describing the function of the esc, the terms near point and 
far point are used The near pomt is the point nearest the ere and the far 
point ,5 the most distant point from the esc at is Inch an ob|Cct can be seen 
clcarls 1 lie latter is infimts m the normal person but usuillj is considcicd 
to be tssents feet at is Inch distance ncaih parallel tavs of light reach Hie 
cs c from small ob|Ccts lire pm cr of a lens is usual!) spolcn of m reference 
to its principal focal distance m diopters (diopter being the unit of measure 
ment common!} used) Hie unit of focal length ts one meter and the 
reciprocal of the focal length measured in meters rs the poncr of the lens 
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power of the tens at difierent ages is shown in Table 4 

TABLE 4 

Compomon of Age w.th Power of Crysfoll.ne Lens 



*5 

3 ° 

35 

40 

45 

50 

55 

60 


6 

5 

10 z 
89 
73 
58 
37 
20 
‘ 3 


Young people hare vet} clastic lenses and therefore, can see over a 1 
wide range being cspec.all> capable of focusing on near ob,ec s 

In summary, then, when the eje is accommodating for near 1^ IC 
ciliary muscles are contracted and, by pulling the choroid coat f , 

lease tension on the suspensotv ligaments winch allow the 1c r rf 
a more rounded (or curved) surface which is the more norma c0 „ 

crystalline lenses At the same time, the circular muscles of cn , CI 

tract to made the pupil smaller, which cuts down the amount of i ( , w 
mg the eye and prevents nvs from entering too near the penp 1 
lens where aberration may occur In focusing on distant ob]ec ,1 ^ 

reverse occurs, the lens is flattened and the pupil dilated Soi Ht 

mechanism is so ahcctcd that accommodation is difficult or 1 , llC 
Unis, occasionallv, after certain diseases, such as diphtheria or 11 
ciliary muscles arc paralvacd (probably due to bacterial toxins) fj]lulC 

rccov'cr dunng convalescence One of the Erst signs of g'a"« m B!l ,ie 

to accommodate properlv This is owing to the effect of the 1 6 r s „, c 

of the aqueous humor and valrcous bodv on the lens, vvlucli p 
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latter from changing shape Sometimes, because of eyestrain, spasms of 
the ciliary muscles disrupt the power of accommodation 



Changes in the eje during accommodation In near vision 
the ciharv muscles contract releasing tension on the lens 
which increases its cunature and the circular muscles of the 
ins contract making the pupil smaller 

ABNORMAL REFRACTION IN THE EYE 

Refraction, and the optical similarity between a camera and the eje, have 
been discussed alrcadj for the normal or emmetropic C)C It is clear that 
the eje, at rest, is so constructed that when light passes through the cornea 
the aqueous humor, lens and vitreous body, it is bent or refracted in such 
a wax that it is focused on the retina But if one should conccntntc his 
vision upon an object at a greater or lesser distance, then the image is not 
quite in focus The mechanism for accommodation takes oxer automati 
callx and bj the action of the cihar) muscles, the lens either takes on a lesser 
radius of curxaturc (that is, becomes more com ex) or is flattened out 

There arc man) cases Iiowcxer, in which the curxaturc of tlic cornea is 
so extreme that the focus lies too fai in front of or too far behind the retina 
T he cihar) muscles mi) be unable to accommodate under these circuni 
stances 


FARSIGHTEDNESS IHYPERMETROPIA OR HYPEROPIA) 

In the condition occurring m farsightedness a person cannot see distinctlx 
t rclativcK short distances The image is focused behind the retina to 
,ich an extent that the cilurx muscles (or processes ) cannot relax sufflcicn tlx 
lie su sponsors ligaments, therefore, do not subject the lens to sufficient 
;n$ion to flatten jl and so allow for proper focus farsightedness is chicfli 
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the result of one of two conditions: ( 1 ) the eyeball is too short for the lens 
system, the most common cause, or (e) the eyeball may be the proper length, 
but the lens power is below normal. Infants base farsighted eyes, being 
bom with the cscball too small for the lens system. As the infant grows 
into childhood, the eyeball grows more rapidly than the lens system until 
fimlH the former reaches a normal si?c at which time it usually stops grow- 
ing. In some eases, the cscball for one reason or another nc\cr docs reach 
normal si/c and the esc remains farsighted 11ns is an example of the first 
tspe 

'Hie second vancts is found in the eyes of older people. As one ages, the 
lens of the cs-c becomes more and more solid and loses its elasticity. Since 
the esc and its appendages arc constructed m such a svas that it is focused 
for distance when the ciliars muscles arc relaxed, the lens is flattened and 
tends to harden (presbyopia) In both types the focus is behind the retina. 
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ing the pressure, the ey eball becomes stone hard ( glaucoma ) The constant 
attempt to accommodate for near usion may also result in pulling the ey eball 
inward (strabismus), this condition maj become permanent Eyestrain 
is also caused by too frequent attempts at accommodation, the strain is on 
both ciliary and the external muscles of the qe Headache and fatigue are 
associated with it 

As shown in Figure 153 treatment of farsightedness invokes the use of 
suitable convex lenses They aid the cornea (and lens) in bending the 
light rays more sharply 
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NEARSIGHTEDNESS OR MYOPIA 

The abnomiahtv nearsightedness is just the opposite of farsightedness 
and the person suffering from it is unable to sec distant objects divhncth 
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The light iays come to a focus m front of the retina— so much so, that the 
mechanism for accommodation cannot carry out its function properly 
There are two conditions that result in nearsightedness (1) the eyeball is 
too long, or (2) the refractory power of the lens is too great It is chiefly 
because of the former 

As stated previously, the eyeball usually stops growing when it reaches 
normal size Often, however, when the eve is used too frequently in early 
childhood for close work, the eveball may continue to grow until it finallv 
reaches a size too great for the lens svstem Such a condition becomes w orse 
if steps are not taken immediately to correct it Correction is carried out 
by prohibiting the child from carrying on close work such as reading fine 
print or doing fine embroidery, and by the use of concave lenses (Figure 
153) until growth of the eveball ceases and the remaining structures within 
have had a chance to catch up Mvopia or hvpemietropia mav be detected 
by using Snellen s test charts with which most persons are familiar (Figure 
i;q) The numbers above each letter indicate the distance at which the 
normal eve should be able to identify the designated letters (on the chart 
of the original size) If for example, an individual could read the same 
letter at 20 ft (which is the average distance for the mdiv idual with normal 
evcsight),a$ can the notmal average individual, his vision would be reported 
as 20/20 (normal) If he rcids letters at 10 ft which the normal eye can 
read it 20 ft the ratio is 10/20, and the test shows that the individual is 
nearsighted In hvpcrmctropia the fraction vv ould be rev ersed 

ASTIGMATISM 

The condition known as astigmatism is present in all eyes to a certain 
degree but is detectable onlv if it becomes extreme It is usually caused 
by a difference in the vertical and horizontal curvatures of the cornea gen 
crallv the lens ilso lias a difference in curvatures which being opposite to 
that of the cornea partiallv counteracts the effect of the latter Occasional . 
however, the differences in corneal curvatures arc too great, and as a result 
the light ravs will come to a focus m different planes and certain parts of 
an object mav be clearer than others Astigmatism may be caused also bv 
abnormalities in lens curvature, but this occurs very infrequently Astigma 
tism mav be detected b\ use of charts such as that show n in Figure 155 1,1 

astigmatism, if the eye is accommodated for the vertical lines the horizontal 
hues arc indistinct or vice versa 

In correcting astigmatism lenses with the same curvatures as the cornea 
arc made but thev arc held, when in nsc, so that the greater curvature of the 
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lens w ill correspond to the lesser cun attire of the cornea, and the lesser curva 
tore of the lens, to the greater cunature of the comea 




FIGURE 155 

Chart used to detect astig 
matism If the lines on 
one side appear to be in 
distinct when the eje is 
focused on the lines of the 
other side the eye is said 
to show astigmatism 
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The Retina 


MICROSCOPIC STRUCTURE OF THE RETINA 
Tiie retina is a membrane-lihe structure that lies between the choroid coat 
and wtreous bod) and extends forward almost to the posterior part of the 
ciliary body It is thinner in front than in bach, ranging from o 1 mm near 
the ciliary body to o a mm posteriorly 
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of center in the case of the left eye It passes through the sclerotic and 
choroid coats and the posterior part of the retina from where its neurons 
spread out all over the retina, m the fovea, however, there is an almost total 
absence of nerve fibers and cell bodies The area surrounding the optic 
nerve as it enters the retina is referred to as the optic dtsc and is about i 8 
mm in diameter At the center of the optic nerve is a small depression 
sometimes called the optic cup through which the blood vessels of the retina 
make their entrance and exit These vessels nourish and cany away waste 
matenals from the cells of the retina, and are quite separate from the vessels 
that feed the choroid and sclerotic area Immediate and permanent blind 
ness follows if they are damaged, although the choroid vessels may be intact 
There are no end organs m the disc, hence, it is insensitive to light and is 
called the blind spot This can be demonstrated by means of Figure 157 


+ 

FIGURE 157 

Cross and circle diagram for demonstrating the presence of 
a blind spot in the retina U'ltfr the left eje closed hold 
the booh about 18 inches from the Tight eye which is fixed 
on the cross If the booh is now brought closer to the 
eye a position is reached {approximately 10 in from the 
eye) where the circle disappears, it is focused on the optic 
disc where there are no visual end organs and hence it can 
not be seen If the figure is now moved in either direction 
the blach spot can be seen again 



Microscopically, f he nervous part of the retina is composed of several 
layers of different types of neurons and receptor cells As shown in Figure 
158, these are (1 ) a layer of pigment cells, in close contact with the choroid 
coat, (2) a layer of rods and cones, the functional units of the retina, (3) 
a layer of bipolar nerve cells, (4) a ganglion cell layer, and (5) a nerre fiber 
layer 

The layer next to the pigmented cells consists of rods and cones The 
rods are cylindrical in shape and about 60 microns (006 mm ) long by 2 
microns m diameter The cones are much shorter (35 microns) but thicker 
(6 microns) There are about seven million cones m the human eve, and 
the rods have been estimated to number anywhere from seventy five to one 
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hundred and sc\cnt) truUinn. Kach cone cell in the central portion of the 


retina has a separate pathway to the visual area 
of the occipital lobe whereas mam rods may make 
synapse with a single neuron Near the periphery, 
hones cr, * cn cones and as many as two hundred 
and fifty rods may make sj ri.iprc with a single neu- 
ron. 

Hie cones arc found most densely packed in the 
fovcu ccrtfrulis. Them arc about thirty-four thou- 
sand canes in this area alone. Actually, they arc 
so closely packed, that when a cross section is made 
of the region, it presents the appearance of a Iron- 
ejeomb, the pressure against each cell causing a 
hexagonal shape. The great number of cones in 
this area undoubtedly explains the visual acuity of 
the foxca. Rods arc present, mixed with cones in 
the region immediately surrounding the fovea. 1* 
is found that the proportion of cones decreases 
as the periphery of the retina is approached, and 



Sketch of a rod. A, and a 
cone, B, from the human 
retina. 
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that they are absent entirely at the periphery The reverse is true of the rods 

The fovea, then, is peculiar in several ways (1) it contains cones only, 
which arc longer and more closely packed than elsewhere, (2) the rows of 
nerve cells and fibers arc pushed to one side so that the ravs of light contact 
the cones directly instead of first passing through other cell masses, thus, the 
fovea appears hollow, (3) it is devoid of blood vessels, (4) visual purple (the 
pigment found m rods) is absent, which can be explained by the absence of 
rods 

The fovea is a late development m the eyes of mammals, it becomes more 
and more pronounced from lower mammals to man Not only is distinct 
ness of vision greatest m the fovea but also appreciation of color, which is 
lacking at the penpherv of the retina Tins indicates that one of the func 
tions of the cones is perception of color, since cones predominate in the 
fovea and are lacking at the periphery 

EXPOSURE OF RETINA TO LIGHT 

When light reaches the retina, several changes are evident (1) There is 
an electrical change in that an action potential is produced upon stimula 
tion (2) Chemical changes also occur and are of two types the retina be 
comes more acid in reaction, and the two pigments (visual purple m rods 
and fuesm in pigment cells) become bleached Visual purple (rhodopsin) 
is bleached most readily by light in the middle of the spectrum (3) In 
some animals, such as the frog or fish certain structural changes occur when 



Mechanical changes m retina dunng light and dart, adaptation A light adapted 
retina showing expans on of pigment and retraction of cones B dart adapted 
retina with cones extended to rods which are slighth retracted the pigment has 
migrated to a posterior position 
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light strikes the retina The cones shorten as they are drawn toward the 
inner surface of the retina by means of a highly contractile stalk called the 
myoid the rods remain the same length At the same time, the pigment 
from the outer layer of the retina moves upward, thus giving better protec 
tion to the rods against excessive stimulation by the light On the other 
hand, in the dark adapted eye (such as one that has been exposed to dark 
ness for a few minutes) the condition is reversed, the rods are drawn up 
ward by their myoid, but the cones are lengthened and the retinal pigment 
has moved again to the outer retinal region Attempts to demonstrate simi 
lar mechanisms in the mammalian eye have not been convincing It is 
thought that such photomechanical changes in these lower animal forms 
may act as a substitute for the pupillary reactions which occur m mammals 
(4) Physiological changes also are evident in that the dark adapted eye 
is color blind and the light adapted eye is useless in dim illumination 

NIGHT BLINDNESS 

One of the oldest known diseases of man is night blindness — a failure to 
see objects in dim light— which has afflicted large populations throughout 
history It occurred m ancient Egypt (1850 b c, and before) where the 
proper diet for its treatment was actually known, liver m various forms was 
usually prescribed These ancient people, of course, did not know that 
vitamin A which is stored in the liver of animals, was the reason for the 
curative effects In fact, many unpleasant prescriptions were suggested for 
treatment and great emphasis was placed upon the necessity of that part 
which made it unpleasant During the nineteenth century the use of liver 
oils in the treatment was recognized but it was not until 1917 that the effec 
tive ingredient of liver oils was found to be vitamin A, an essential con 
stitucnt of visual purple 

PHOTOCHEMISTRY OF THE RETINA 

Visual purple (rliodopsm) is highly concentrated m the retina and is 
found onlv m the rods Colored substances are found, but in \ery minute 
concentrations, in the cones also The retina, therefore, when dark adapted 
has a purplish or violet tinge which soon fades to a yellowish color when 
exposed to light 

Visual purple has a rclativch large molecule (molecular w eight about 270 
000) consisting of a large protein molecule connected with ten smaller, 
colored molecules called chromophore groups When light strikes usual 
purple the litter is broken down to i yellowish compound, retmeue, and a 
protein In darkness the two reunite to form \ isual purple Such a process 
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is seen in terrestrial vertebrates and in marine fishes In fresh water fishes a 
very similar process occurs, except that a slightly different form of vitamin A 
(called ‘vitamin A,/ as contrasted with the usual vitamin A,) goes into 
the structure of a material, porphyopsin, which is broken down bj light as is 
rhodopsin 

Since vitamin A is found m the visual purple molecule, absence of this 
vitamin in the diet ultimately means lack of visual purple formation, thus, 
so-called “night blindness” occurs because visual purple cannot be syn 
thesized It is evident, now that the rods function in dim illumination and 
that tins function is possible because of the presence of visual purple which 
can absorb the cxtrcmclj weak light rajs 

ROD VISION 

The rods synthesize visual purple in darkness, a process known as dark 
adaptation The absorption of small quantities of light by visual purple 

brings about a chemical reaction (rhodopsin * retinene) and the energy 

released causes an impulse to flow from the rods over the nerves leading to 
the cerebrum 

The longer one remains in darkness or dim illumination, the greater the 
quantity of visual purple produced (up to a point of saturation) and, there 
fore, the greater the ability to absorb light Most humans hav e experienced 
the results of such phenomena Tor example, when one enters a theater 
during midafternoon after exposure to brilliant sunlight, he can barely see 
although some light is reflected from the screen The sunlight prevents 
synthesis of visual purple, in fact, its action totally decomposes it Hence, 
when one enters the theater, there is no pigment within the rods of the 
retina that will absorb the dim light and produce energy for stimulation 
After a few minutes in darkness, however, enough visual purple is synthesized 
to take care of the dim illumination— with the result that one can see readily 
The reverse process occurs when one leaves a theater (with eyes completely 
dark adapted) and is exposed to brilliant sunlight The visual purple is 
broken down so rapidly and the intensity of stimulation is, therefore, so great 
that much discomfort is felt After a few minutes, the glare disappears and 
the eye is again light adapted 

It is known from the experience of most individuals that one finds it ver) 
difficult to match or even to perceive colors in dim illumination Certaml) 
if the visual purple had any connection with color vision, colors would be 
perceived best by the dark adapted e>e Evidently the rods function onl> 
in dim illumination This may be demonstrated further m the early eve- 
ning hours when the first stars make their appearance Thej are most 



RECEPTORS 


246 

readily seen if the light rays reHected from them strike the periphery of the 
retina which contains chiefly rods When the gaze is directed toward a 
star and its dim rajs strike the fovea, it seems to disappear The fovea con 
tains no rods or visual purple and, therefore, these light rays are not absorbed 
m this area 


FUNCTIONS OF OTHER EYE PIGMENTS 

Attention has already been drawn to the pigmented cells of the ins 
When light strikes the ms it does not cause any chemical reaction so far as 
is known The pigmentation functions only in preventing too much light 
from entering the eye 

Another pigmented area is found in the outer layer of cells of the retina 
Tins coloring matter is fusctn , also functioning in absorption of light rays, 
that is, the rays which pass through the retina to the rods and cones If it 
were not for this absorption, much light would be reflected and scattered 
over the retina so that a clear image would be almost impossible Fuscin, 
itself, is present m these pigment cells in the form of plates, needles or 
prisms Strong light bleaches it but the breakdown processes or products 
apparently have no visual function 

CONE VISION (COLOR VISION) 

1 he existence of pigmented substances in cones was not known until re 
centlv, rhodopsm (of rods), on the other hand, has been known for over 
seventy years The cones are sensitise to bright illumination and also func 
lion in color vision Color vision is based upon three primary colors — red 
green, and violet— and it is thought that the cones contain three different 
photopignicnts for absorbing the three types of pnmarv colors respectively 
In chickens and other birds, as well as amphibians and reptiles, the cones 
actuallt contain three types of differently colored oil globules (cone oil) 
red, golden and greenish vcllow These may be comparable to the three 
filter systems in use in color photography No colored globules or other 
structures have been found in the retina of min but undoubtedly there arc 
substances present which arc capable of selective absorption It is general!' 
believed that color vision is poorly developed or entirely absent in most lower 
animals Tins is true of most invertebrates, however, it is found that bees 
mosquitoes and butterflies (representatives of three different types of in 
sects) can distinguish color although thev do not have the range of color 
vision possessed b\ man Among the vciUbratcs color vision is found in 
mam fish reptiles, diurnal birds, and comparativclv few mammals Noe 
turnal birds and nocturnal mammals do not possess color vision and even 
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man\ diurnal mammals arc without it The bull, which supposedly is in- 
furiated bv the color red, is color blind and would respond to anj other color 
just as well. There is no evidence whatever that dogs or cats can see color, 
the same is true of the horse The primates, for the most part, have very 
excellent color sense 

COLOR SENSATION 

Perception or sensation of different colors is not equally distributed over 
the retina. ’Plus can be ascertained b) means of a perimeter which is an in 
strument used for mapping the v isunl field ( Figure 1 61 ) With it, one finds 
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on a surface and although physically it is the total absence of light or color, 
in consciousness it is a definite sensation just as is red, blue, or any other 
color. It is a sensation produced, however, by the absence of stimulation. 

Complementary Colors 

The sensation of white is felt not only by mixing all of the colors as just 
described but also by combinations of the so-called “complementary colors”; 
that is, red and blue-green rays, or violet and yellow rays, or blue and orange, 
if these combinations act simultaneously or in rapid succession on the same 
part of the retina. Two such colors thus producing the sensation of white 
are said to be complementary to one another. In the laboratory a rotary ap- 
paratus or color wheel is used, consisting of a flat disc equipped so that dif- 
ferent colored paper can be arranged in desired combinations. The rapid 
turning of the wheel will “fuse” the colors and, if they are complementary, 
the result is a sensation of white. 

Attributes of Color 

Three attributes of color are recognized: (i) Brilliance (brightness, or 
luminosity) which varies over the spectTum and depends upon intensity of 
stimulation. At the extreme red and violet ends of the spectrum there is 
less brilliancy than there is between them. It is said that the human fovea 
can recognize six to seven hundred different degrees in brightness. How- 
ever, although one can tell which of two red colors or two green colors is the 
brighter, it is almost impossible to arrange different colors according to their 
brightness, that is, it is difficult often to judge whether a particular green 
color, for example, is brighter than a red. Discomfort is felt if the bright- 
ness is too intense; this is known as “glare.” (2) Hue is the characteristic 
or attribute of certain colors which enables one to classify them as reddish, 
jcllowish, bluish, and so forth, and is determined by war e length. (3) Sat- 
uration, another attribute, is a mixture of the particular color in question 
with white light. A completely saturated color is one which is entirely fr cc 
of white light. This, then, would refer to the “purity” of the color. 

THEORIES OF COLOR VISION 

Many theories (eighty or more) have been advanced in an attempt to 
explain color \ision but none of them arc wholly satisfactory. Practically 
all of them assume the presence of three photosensitive substances in the 
cones. The Young-1 1 dmholtz Theory seems to be the most acceptable to 
physiologists, although it fails in many respects to explain color \ ision fully* 
It assumes the presence of three types of cones: in one group there would lie 



THE RETINA 


249 


a red absorbing substance, in another group, a green absorbing substance and 
m still another group of cones, a violet absorbing substance "When waves 
of red light (that is, long waves) reach the retina they are absorbed by the 
red absorbing substance, and an impulse is initiated over the neurons lead 
mg from these cones to an area of the occipital cortex In the same way 
violet is seen if the short waves are absorbed or green if intermediate waves 
are absorbed Tor the most part, it is found that mixtures of these funda 
mental colors arc more prevalent in nature than the single colors The 
sensation of yellow is produced when the cones are stimulated by both red 
and green wav es since both red absorbing and green absorbing cones are 
affected In the same manner, the sensation of blue results when both 
green and violet absorbing cones are stimulated 
White light would be perceived if all three were affected at once This 
theory assumes the validity of Muller s Doctrine of specific nerve energies 
Tire process by means of which these different colors are perceived bv the 
occipital cortex is not understood One can be fooled bv color sensations 
just as by sensations concerned with other receptors For example m bmoc 
ular vision, fusion of two primary colors produces a sensation of a third color 
If a red filter is placed in front of one eye and a green one in front of the 
other, a sensation of yellow is experienced This sensation is produced in 
the cortex and certainly is aided by the fact that part of the fibers of each 
optic nerve cross over and mix with fibers of the other before terminating in 
the cortex 


COLOR BLINDNESS 

The condition of color blindness exists when light which enters the eje 
and stakes the end organs in the retina, fails to etohe the usual color sensa 
tions It is claimed that about 4 per cent of men and about 04 per cent of 

women are color blind 

John Dalton (1774) was the first to record and accurateh describe color 
blindness Dalton lnmself, was eridentlj red green blind since he could 
not tell the difference in color betw een two ob,ects if one were green and the 

other red , , 

The red blind person confuses red with green and any color mixture con 
taming red is seen as though no red were present Thus, the color purple, 
which is a mixture of red and blue appears blue, orange appears jellow 
Colorblindness ,s rnhentedand the mechanism mcohed is similar to that 
of hemophilia (page 325), that is the female is nsnall) onlj the earner, 
whereas the condition appears in the male Females inherit color blindness 
onlj if the genes for color perception are absent m both parents 
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There are seven possible types of color blindness according to the Young 
Helmholtz theory, and all types are known to occur although violet blind 
ness is very uncommon They are, in the order of their frequency of appear 
ance in humans (1) red green blindness, (2) red \ lolet blindness (3) red 
blindness (4) green blindness (5) green violet blindness (6) red green 
violet blindness and (7) violet blindness Total colorblindness is called 
monochromatic or achromatic vision and is extremely rare In one afflicted 
with total colorblindness all vision is similar to normal twilight vision 
in that all objects appear to be black, gray, or white 

Testing for Color Bl ndness 

Color vision may be tested by several different methods Two of these 
are most common (1) Pseudoisochromatic diagrams have been devised by 
Ishiliara Tins test consists of several cards on which colored spots of van 
ous sizes are printed A figure or letter also made w ith spots is superimposed 
on the field The coloring of tlie spots is blended in such a manner that in 
one case only a normal eye can detect the figure while in another, only the 
color blind eye can distinguish it (2) The Holmgren matching tests, in 
which pieces of vain of various colors and hues are matched with standards 
The color blind person is unable to match these properly 

CONTRAST EFFECTS 

There aTe many examples of phenomena involving the effects of contrast 
ing colors It is the common experience of everyone that if a white piece of 
paper is placed on a black background the paper appears whiter by contrast 
than otherwise The same applies to a black paper on a white background 
the former appears blacker If the paper is colored for example, green and 
placed agamst a white background it appears to be more saturated Also if 
a blue paper is placed against a yellow background it appears bluer (or vice 
versa) 

These phenomena arc examples of simultaneous contrast Other phe 
nomcna result m successive contrast which consists of the appearance of a 
complements tv color after one focuses Ins eves upon a colored surface for 
a minute or so and then shifts Ins vision to a gray surface 

AFTEREFFECTS 

The aftereffects described below arc common and well known expen 
cnccs If one stares at the flame of a caudle or at an electric light for 30 
see or more and then the cvchds arc closed or the gaze shifted to a dark 
background the flame or light can still be seen (persistence of vision) tn its 
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natural color and then gradually fades This is a positive afterimage 
Negatne afterimages are produced by gazing at a white background after 
stimulating the eje with a light or other ob]cet A white ob|ect then ap 
pears dark and the image of a colored object has the complementary color 
Tor example, if one stares at a blue green object and then looks at a white 
surface, he secs the image as red, the complementary color 


PERSISTENCE OF VISION 

When the retina is stimulated by a short flash of light, it is well known that 
the sensation of light remains for some time after the stimulus is removed 
This phenomenon is known as persistence of vision and is the basis of 
cinematography In moung pictures, there is an interval between one 
frame and the next Whether or not the dark interval is noted by the eye 
depends upon the frequency at which the light frames are flashed on the 
screen That is, if they appear rapidly enough so that the sensation of the 
one lasts oscr until thi-next frame appears, the dark intervals are not noticed 
and the lighted frame appears as one If the frames do not appear rapidly 
enough, a ' flicker is noticed 

Fusion occurs when sixteen or more frames pel second are flashed on the 
screen The peripheral area of the retina is more sensitive to the dark inter 
vals than the central portion A flicker, therefore is especially noticeable 
in silent pictures if the head ,s turned so that the light falls upon one side 
of the retina Persistence of images may be due to chemical stimulation 
that continues momentarily after the stimulus is removed 


binocular vision 

The eyes of man are arranged so that when he fixes Ins gaze upon an 
object, each eye receives slightly dissimilar images thus, he is said to have 




FIGURE 162 

Illustrating stereoscopic \ision with two 
p) ramids the one at the left as seen 
with the left eye that at the right as 
seen w ith the right eye 


binocular vision This is demonstrated b, looking at an ob ect 
oneeyeandthentheother Therigl.t eyeseesa little mo eol Ethe ngl.ts dc 

of the object and the left e, e a little more of the left side of the object (Figure 

162) The points of the retinae which receive identical or almost identi 
cal) images arc called corresponding points However the corresponding 
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points arc in different portions of each retina (Figure 165); that is, the 
ra>s of light that form an image on the temporal half of the right retina 
form the same image on the nasal half of the left retina, and ucc \crsa 
Ncnc pathways from these points on each retina pass through the optic 
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and left sides Tins is a probable explanation of the fine coordination m 
eye movements, that is, impulses from each side of the cerebrum are trans 
mittcd to each group of muscles If the muscles are not working m co 
ordination, there results a condition of divergent strabismus, m which both 
eyes turn outward when onl) one is voluntarily moved outward, or of con 
\ergcnt (internal) strabismus or crossed eyes m which the eyes turn inward 
Under these circumstances the images in the two eyes do not fall upon 
corresponding retinal points and double vision or diplopia results There 
appear to be two objects, one overlapping the other 

ADDITIONAL READING 

Hartridge H , Recent Advances in the Physiology of Vision (Blakiston, 1950) 
ch 8 Light and color 

Links/ A , Physiology of the Lye, II Vision (New ^ork Grune and Stratton, 
1952), chs 4-8 Color and color vision 
Pircnnc, M H, Vision and the Lye (London Chapman and Hall, 1948) 
Retinal functions m general 
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T he Ear 

SOUND RECEPTION 

Sound Receptors in Invertebrates 

Except tor the insects, specialized sound receptors are not found in t e 
invertebrates, although most of the latter respond to vibrations of some 
kind. The earthworm, for example, can detect ground vibrations caused by 
stepping movements. Some insects emit definite sounds, and, therefore, 


FIGURE 164 

The abdomen of a grasshopper 
showing the tympanum or “car” on 
the first abdominal segment. 

one might expect them to have fairly well-developed organs for the reception 
of sound. Grasshoppers and locusts have such organs which consist of a 
membrane (tympanum), covering numerous sense cells; these arc located 
on the sides of the abdomen just above the base of the third pair of legs. 
Grasshoppers will respond to artificial notes in the same range of sound as 
those produced by other grasshoppers. They seem to be capable of hearing 
notes between 430 to 28,000 cycles per second. Similar structures arc found 
on the abdomens of cicadas and the thorax of moths. 

Development of Sound Receptors In Vertebrates 

In the lowest classes of vertebrates the ears are poorly developed. Fishes 
have no cochlea (the structure in humans containing tlic sense organs for 
hearing) but do ha\c end OTgans (maculae) in the sacculus which seem to act 
as auditory- organs. Many investigations have been made on hearing m 
254 



THE EAR 


255 


fishes, for at one time it was doubted by man) that these animals could 
hear Although it is true that many fishes appear to be deaf, some can be 
taught to respond to definite notes The marine fishes respond onl) to notes 
of low’ frequency, fresh water species are sensitive to frequencies of several 
thousand cycles per second The lateral line organs of fish are thought b\ 
some to respond to sound, this is quite true if the sound is within a certain 
range The cells of the lateral line organs arc also sensitive to touch, pres 
sure and vibration (even frequencies of about 6 cycles per second) The 
fish is thus able to avoid rocks and other fish as a result of pressure stimuli 
reaching this organ 

Frogs, and other amphibia, have poorly developed cochleas, but thev 
respond to tones of frequencies ranging from 50 to 10,000 cycles per second 
Reptiles have a well developed but small cochlea In snakes this organ is 
better developed than m amphibians, but the former have no tympanum 
They cannot hear air borne sounds but they do respond to vibrations coming 
from the ground through the skull to the end organs 

The cochleas of birds are not quite so well dev eloped as those of mammals 
It is obvious, however, from their ability to imitate that they must hear very 
well 


Sense of Hearing in Mammals 

The ear of mammals is made up of struefores that sene two general 
senses (r) hearing and (a) propnocephon (equilibrium) Since however, 
that part concerned with reception of sound is perhaps better known to 
most of us, it will be discussed first 

The end organs of the innermost part of the ear are actual!) modified 
forms of tactile tissue The ears of mammals are so constituted that their 
functions consist of (r) collecting and mlens.fy.ng sound wares, and (2) 
conveying them to the auditory end organs which are found deeplv embedded 
within the skull 


SOUNDS AND THEIR SOURCES 

Ph)sicall), sounds are vibrations from various sources which reach the 
ears as alternating rarefy, am and condensations of the air, exemplified b, 

the vibrations of a tuning fork prong . . . , 

Everyone has observed that sound travels coos.den.b v slower than light 
A locomotive, at a considerable distance, is seen to discharge steam from its 
whistle long before the sound reaches the car Altitude (because of the 
rant, of air), temperature, and the character of the medium affect the speed 
of sound, but usually it is approx, matelv 540 melcrs per second It .5 more 
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Sound Receptor* in Invertebrates 

Except for the insects specialized sound receptors are not found in t e 
invertebrates, although most of the latter respond to vibratrons of some 
hind The earthworm, for example, can detect ground \ ibrations caused by 
stepping mosements Some insects emit definite sounds, and, therefore, 


FIGURE 164 

1 lit abdomen of a grasshopper 
showing the tympanum or ear on 
the first abdominal segment 

one might expect them to has e faith well dc\ eloped organs for the reception 
of sound Grasshoppers and locusts hue such organs which consist of a 
membrane (tsmpanum), co\crmg numerous sense cells, these arc located 
on the sides of the abdomen just abosc the base of the third pair of legs 
Grasshoppers will respond to artificial notes in the same range of sound as 
those produced b\ other grasshoppers They scent to be capable of hearing 
notes between 430 to 28 000 cycles per second Similar structures arc found 
on the abdomens of cicadas and the thorax of moths 

Development of Sound Receptor* in Vertebrate* 

In the lowest classes of \crtcbratcs the cars arc poorly dc\ eloped Tishcs 
base no cochlea (the structure in humans containing the sense organs for 
hearing) hut do base end organs (maculae) in the saceulus which scan to act 
as auditors organs Mam imcsttgahons base been made on hearing 10 
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fishes, for at one time it was doubted by many that these animals could 
hear Although it is true that many fishes appear to be deaf, some can be 
taught to respond to definite notes The marine fishes respond only to notes 
of low frequency, freshwater species are sensitive to frequencies of several 
thousand cycles per second The lateral line organs of fish are thought b\ 
some to respond to sound, this is quite true if the sound is within a certain 
range The cells of the lateral line organs are also sensitive to touch, pres 
sure and vibration (even frequencies of about 6 cycles per second) The 
fish is thus able to avoid rocks and other fish as a result of pressure stimuli 
reaching this organ 

Frogs, and other amphibia, have poorly developed cochleas, but they 
respond to tones of frequencies ranging from 50 to 10,000 cycles per second 
Reptiles have a well developed but small cochlea In snakes this organ is 
better developed than in amphibians, but the former have no tympanum 
They cannot hear air borne sounds but the) do respond to v ibrations coming 
from the ground through the skull to the end organs 

The cochleas of birds are not quite so well developed as those of mammals 
It is obvious, however, from their ability to imitate that they must hear verv 
well 


Sense of Hearing in Mammals 

The ear of mammals is made up of structures that serxe two general 
senses ( r ) hearing, and ( 2 ) proprioception (equilibrium ) Since, however, 
that part concerned with reception of sound is perhaps better known to 
most of us, it will be discussed first 

The end organs of the innermost part of the ear arc actually modified 
forms of tactile tissue The ears of mammals are so constituted that their 
functions consist of (1) collecting and intending sound wares, and (2) 
conveying them to the auditory end organs rrhich are found deeply embedded 
within the skull 


SOUNDS AND THEIR SOURCES 

Physically, sounds are , ibrations from ranous sources winch reach the 
ears as alternating rarefactions and condensation of the air, exemplified br 

the vibrations of a tuning fork prong , . , 

Everyone has observed that sound travels considerably slower than light 
A locomotive, at a considerable distance, rs seen to discharge steam from its 
whistle long before the sound readies the ear Altitude (because of the 
rarity of air), temperature, and the character of the medium affect the speed 
of sound, but usually it is approximately meters per second It ,s more 
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rapid in water (1450 meters per second) and still more rapid in wood (about 
15,000 meters per second) 

Sound wa\es are sometimes reflected, and these reflections are known as 
echoes 

Sounds may be classified into two groups — notes and noises A note is 
produced when the waxes reach the ear periodically or uniformly, a noise, 
when they are aperiodic It is not alwavs easy to distinguish between them 
The sources of sounds are quite xaried, but the fundamental property of a 
source that results in the sound is the same in all, that is, the ability to vibrate 
within certain limits For example, a book closed suddenly with a snap 
produces sound, whereas one closed slowly does not 
There are certain properties by means of which sounds can be dishn 
guishcd ( 1 ) Pitch, or tone, depends upon the length of the sound wav es, or, 
in other words, the number of waves reaching the ear m unit time The 
greater the number (or the shorter the waves) the higher the pitch The 
range for the human ear on the average is between 40 and 20,000 vibrations 
per second A dog can detect much higher frequencies Thus, special 
whistles can be made of such a high pitch for dogs that it is not detected bv 
the human ear It is said that they can hear pitch of about 35,000 v ibrations 
per second Bats are even more sensitive to sound, their limit said to be 
about 100000 vibrations per second (2) Intensity or loudness is that 
property which depends upon the force of the vibrations The harder a 
tuning fork prong is struck, the more intense will be the sound (3) 
Quality or timbre is produced b\ the mixture of tones and overtones in a 
vibrating bodv This is the means by winch the same note struck upon 
different instruments can be distinguished If a single note is struck on a 
piano, or played on a violin, the pitch wall be the same, since the number 
of vibrations of the string is the same in both cases However, in each of 
the different strings there will be separate vibrations vvitlun its parts, so tint 
two, three or four portions will have their own vibrations which are in 
dependent of those of the whole string Thus, the car w ill be stimulated 
not onh In the fundamental vibrations (determining pitch), but also by 
the separate vibrations of the sections (overtones) and a distinct sound 
sensation will be interpreted for each instrument 


THE HUMAN EAR 

The human car, like that of other mammals, is made up of an external* 
a middle, and an inner car 
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The Externa! Ear 

The external ear consists of ( 1 } the pinna or auricle, the structure external 
to the skull and having little function in humans, and (2) the external canal 
or external auditory meatus which leads from the pinna to the tympanic 
membrane or eardrum (Figure 165) 


f-Hnner Eo '**\ Aeoust c 



FIGURE 165 

Diagram of external middle, and internal parts of the human ear 


In most mammals the p.nna .s a horn shaped structure provided with 
muscles that enable the animal to move it in various directions as an aid in 
locating the source of a sound The pinna, therefore, has tuo chief func- 
tions to ascertain direction of sound, and to concentrate the sound wares 
into the external canal In humans, obr .ously, the loss of the pinna causes 
no great difficulty in locating the origin of a sound 
The external or auditory, canal is about i in long and is surrounded 
largely by cartilage Tor the most part, it ,s directed inward and very 
slightly upward toward the tympanum which closes its internal end Nu 
merous glands are found on the surface of the shin lining the canal, these 
secrete a yellow wavy substance called cerumen which is lubncat.ng and 
protective in its function Along with the hairs it prerents particles 
from getting too far into the car Also, because of its odor, it acts as a 
repellent to insects so that they are less libel) to enter into the auditor, 
canal 
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The Middle Eor 

The middle ear consists of a rather irregular chamber m the temporal bone 
(Figure 166), separated from the external canal by the tympanic membrane 
The inner wall of the cauty has two perforations, the round and o\al tan 
dous ( fenestra rotunda and fenestra o\ahs, 
so named because of their shape), which 
lead into the inner car, these arc co\ercd 
b) a delicate membrane An opening 
the Lustacluan tube, leads from the mid 
die car to the pharvnx Within the mid 
die car arc the three car bones or ossicles 
the hammer (malleus), the wml (incus), 
and the stirrup (stapes) These Imbed to 
one another, in a chain, bj scry small liga 
ments form a connection between the 
tympanum and the membranous covering 
of the oval window Their function is 
obviousK to convert the sound vibra 
tions into vibrations within the fluid of the inner car 
The malleus is connected at one end with the drum membrane and, at 
the other, articulates w ith the incus which m turn articulates vv ith the stapes 
They act together in the manner of le\crs, but m such a wav that the amph 
tude of the movements of the stapes in and out of the oval window is much 
less than that of the dram itself, the force however, is increased The vibra 
tions of the stapes cause vibrations in the peril) mph of the inner ear and 
the shock is absorbed b) the movements of the membrane covering the 
round window (Figure 165) 

One type of middle ear deafness is produced b) ossification at the aiticula 
tions of the bones Tire eardrum or tympanic membrane picks up all sorts 
of vibrations and transmits them by wav of the ear bones to the inner ear 
This membrane is stretched across a cartilaginous ring surrounding the inner 
end of the external canal and consists of three layers The middle layer 1$ 
composed of fibrous tissue, the fibers of which run chiefly in a radial direction, 
although some occur at various angles Tins may account for the aperiodic 
response (vibrating unselectiv cly to a wide range of frequencies) of the mem 
brane to sounds The other two layers are the mucous membrane, located 
internally, and the skin, externally Altogether, these layers are about o 1 
mm thick 

The Eustachian Tube and Its Function The Eustachian tube or cana 
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is about 35 mm long and connects the middle car with the pharynx If the 
middle car were entirety dosed, mo\cnicnts of the stapes in and out of the 
oval window and the consequent mov ement of the membrane of the round 
window would be difficult Flic result of such a condition is often noticed 
by persons suffering from head colds when the Eustachian tube is also 
affected If the tissues of the latter become swollen the tube docs not open 
to allow equilibrium between the air m the cavity and that external to it, 
temporal partial deafness ma\ result 

Normal!), the tube is closed in order to prc\uit the usual respirators move 
incuts from affecting the middle car cavitv These movements would be 
heard as loud noises if the tube were alujvs open, it can be opened at any 
time, however, b\ the act of swallowing T hus when one enters a tunnel 
where the atmospheric pressure is greater than that outside, the tvmpamc 
membrane is forced inward (the pressure in the middle ear cavitv is still 
equal to that outside the tunnel) and a sensation of fullness in the ears is 
experienced, b\ swallowing the air pressure within the caut) is brought to 
an equilibrium with that outside, causing the tympanum to take its normal 
position 

The tube is lined b) smooth muscles which keep it closed most of the 
time, their tension is released, however, by swallowing and thus the tube 
opens If the difference between the inside and outside pressure is sen 
great, the tube wall collapses and there is danger of the drum rupturing 
Tins condition is liable to occur m a person failing to swallow often enough 
while descending in an airplane, the external pressure becomes so much 
greater than that in the middle ear, that the tube remains collapsed This 
.s unusual m a conscious individual but it has happened m unconscious 
persons 

The Eustachian tube is an essential structure for normal sound receptron 
but ,t rs also an opemng b) means of rvhrch mfect.ous organrsms can make 
then wa, to the m.ddle ear and the masted process causmg m.ddle ear m 
fection or mastoiditis 


The Inner Ear or Labyrinth 

The round and oral rvrndorvs open rnto another ear rt> w.th.n the temporal 
bone the rnner ear rvhrch has many errtensrons Because of rts shape ,t rs 
called also the bony or osseous Inbynnth The three drfferent portrons of 
this canty are referred to as the rest, bale, the cochlea end the same, rcular 
canals W.th.n the cant, of the bony labyrmth rs a fln.d called the 
perrlj mph, and suspended m rt by laments and fibers rs he me mfamous 
labynnth Thrs membranous labyrmth extends through the sereral parts 
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of the bonj labvnnth and is filled with endolymph Within the vestibule 
are two sachke, connected enlargements the sacculus and utnculus An 
extension of their connection forms the endolymphatic duct Trom the 
utnculus the three semicircular canals extend through the cavities of the 
bom labyrinth which bear the same name The cochlear canal extends from 
the sacculus up through the cochlea (see Figure 167) 



FIGURE 167 

The UU) until or inncT car A ml of hot } la! vnntli B umc 
»i1h pjitv oil awa> to il o\ n end tano t\ Ubvtmlli will in 


The diagram presented in I igurc 16S indicates the direction of the nicne 
men?* of vvaux produced In vilraliom of the stapes Hies travel through 


261 


THE EAR 

out the perilymph which completely surrounds the membranous cochlea 
In this figure the cochlea is shown as though it were uncurled and stretched 
out By this means one can understand how the movements of the pen 
Ijmph travel up the \cstibular canal ( scala \esUbuh) which leads directly 
from the \estibula to the apex of cochlea and bach down the tympanic canal 
( scala tympam) to the round window whose membranous covering reacts to 


S*mte feular 
/ Conol 

-Ufrleulu* 



‘Tympanic Conol 

/Cocnwor Conol 

(Membronou* CocMOOJ 
FIGURE 168 

„ , .I,, ot illustrat ng the manner in which the sound 

shown as it would appear if stretched ou 

the lymph movements b, bulging outward ot toward whoever ts necessary 

to equahze the pressure connec ( IO n with the tympanum or eardrum 

The tympanic cana t ]„ a continuation of the vestibular 

as the name might imply but is smtply through (he Mch| „ 

canal bj means of which sound ^ slructllres b) sound will affect the 

o4r^qu,hbmm n (sacc°"h,s „,„c„.ns and sem, circular canals) so that 
one may become dizzy membranous cochlea (scala media or 

The Membranous Cochlea T lie nieninni.iui ' . 

11 ii t „s. about o™’ lol 'g and 1[ s a 0 

cochlear canal) is a mo d,alm (ITgure 169) The cross section 

bony central core called the m l Sldc ^ Jt$ 

shows that the cochlear canal is parm ootinucu 
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other boundaries are Rcissner’s membrane and the basilar membrane The 
basilar membrane is attached to the bony shelf ( spiral lamina) on one side 
and the bony side wall on the other This also applies to Reissner s mem 
brane The two are arranged so that a triangle is formed when Mewed 
in cross section That portion of the cochlea above the cochlear canal is 








FIGURE 169 

A plaster mold of cochlea 
B section through the cen 
ter of the cochlea with 
various structures desig 
nated 


called the -\estibular canal whereas, beneath the cochlear canal is found 
the tympanic canal These two are continuous at the apex of the cochlea 
as is shown in Figure 168 

If the cochlear canal is magnified in cross section, several very interesting 
structures are visible (Figure 170) The basilar membrane is found to be 
made up of many fibers running radially to the modiolar axis of the cochlea 



FIGURE 170 

Enlarged diagram of cochlear ca 
nal in cross section 


when viewed fiom the apex Their number has been estimated at 24000 
Thej are arranged m parallel formation, and from the base of the cochlea 
to its apex these strings or fibers become progressively longer (Figure 171V 
the shorter fibers at the base arc about 40 microns long those at the ape* 
about 500 microns It is of interest to note that the basilar membrane is in 
direct contact with the peril) mph of the tjmpamc canal and, therefore, is 
exposed to the effects of the v ibrations produced in the fluid of the canal 
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The Organ of Corti The organ of Corti is found on the basilar mem 
branc and runs the whole length of the cochlear canal Suspended above it 
is the tectorial membrane, which is attached at one end but free at the 
other, and is probablj m contact with the hair cells 




Apt* ef 
Cochlw 


FIGURE 171 

Diagram to show the compar 
a five lengths of the fibers of 
the basilar membrane at the 
base and at the apex of the 
cochlea 


The cells of the organ of Corti in direct contact mill the basilar mem 
brane are sen peculiar, the, are rod shaped (rods of Corti) and are ,o,ned 
at one end but separated at the other forming a tunnel (tonne of Corti) 
The rods separate the hair cells into a single row of inner hair cells and three 



FIGURE 17Z 

The Organ of Corn of the In, man cochlea 


t l,n, r cells There are about =500 inner and about 

?™?rha°, c°elL which are cvidentlj stimulated b, , heir contacts with 
3 000 outer hai simulation of these b, 1 ibrations impulses 

£ " T™ neiThbers of the auditor, branch of the acoustic 
nerve to centers in the temporal lobe 
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The Resonance Theory of Hearing 

Helmholtz, long ago, proposed the so called “resonance theory” of hear 
mg He judged that the basilar membrane consisting of numerous fibers 
of different lengths (the longest at the apex, the shortest at the basilar turn 
of the cochlea) acted as a resonator when played upon by vibrations in the 
peril) mph The ‘ strings” of the basilar membrane vibrate, according to 
Helmholtz, like the strings of a piano The strings or fibers which are 
set into vibration depend upon the pitch of the sounds picked up If the 
sound is of low pitch, resulting in a few v ibrations per unit time, the basilar 
fibers at the apex of the cochlea are set into vibration in the same manner 
that a vibrating tuning fork of low pitch will set one of the bass strings 
of a piano into vibration A sound of high pitch will accordingly affect 
the shorter fibers at the base of the cochlea There is considerable differ 
ence, however, between the strings of a piano and those of the basilar mem 
branc In the latter they are held together b) connective tissue and hence 
tend to dampen * one another, tint is, the fibers of the basilar membrane 
do not continue to vibrate after the sound waves have ceased, whereas the 
strings of a piano will continue to vibrate in spite of this, evidence is 
stronglv in favor of some sort of resonance theory Upon clinical examina 
tion of the cochlea of the ears of persons who have suffered from partial 
deafness during life, it was found that those who were deaf to sounds of low 
pitch showed lesions in the ‘ organ of Corti ’ at or near the apex On the 
other hand, in the cochlea of those who have suffered from high pitch 
deafness, lesions were found at the base The same type of results were 
obtained in animals m which parts of the cochlea had been experimentally 
destroved 

Vibrations arc set up in the penlymph of the inner car and proceed up the 
vestibular canal It is doubtful tint normally thev have any effect on the 
tme end organs from tins direction Rcissner’s membrane is not specialized 
m anv wav tint might suggest its function as a vibrating organ — it probabh 
functions as a protective structure At the apex of the cochlea, however, the 
vestibular canal joins with the tvmpanic canal (the point of union is known 
as the hchcof renin) I lie vibrations arc, therefore, continued through the 
tvmpanic canal and mav have a direct effect on the basilar membrane of the 
cochlear canal, that is, the basilar fibers winch arc affected bv the p3rticula r 
pitch "ill vibrate The hair cells on the organ of Corti at that point arc 
stimulated by their movement against the tcctonal membrane and tm 
pulses passover the nerve fibers to the association areas of the brain 
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Deafness 

An) part of the hearing mechanism may be affected b) disease or injur} 
that ina) lead to partial or total deafness There arc several types of deaf 
ness (1) Transmission or conductive deafness is caused by interference m 
the passage of sound vibrations in the external or middle car Ear wax, or 
other foreign bodies in the external canal ankylosis (adhesions) of the 
middle car bones, or pressure differences nvav be the direct cause of trans 
mission deafness Since the end organs and nerves arc still intact in this 
type of deafness, a person is capiblc of hearing b\ means of bone conduction 
or hearing aids (2) Perceptive deafness ma> result from injury to the 
'organ of Corti, or from injur) or disease of the auditory nerve In this 
case, hearing aids arc not very useful (3) Central deafness is caused by 
lesions in the auditorv pathways m the brain or the auditory center of the 
cortex proper Tins ty pc of deafness also is not responsiv e to heanng aids 


Equilibrium Static Organ* of Invertebrate* 

Organs of equilibrium, or stitic organs os they are sometimes called, 
arc tissues that function in the equilibrium or position of a bod, of an 
organism « ith regard to gnu it) or position in space They function in the 
some manner is tactile structures but are much more delicate As spe 
cal, zed organs the) are usnnllj supplied ss.th sensitise hair cells ssh.ch 
are acted upon bj the pressure of small calcareous or siliceous bodies called 
otoliths or statoliths These sensitise cells may also be acted upon by the 
pressure produced b, movement of the endolymph 



FIGURE 173 

The static organ of a coelentcrate me 
dus 3 The statolith sways with move 
ment and the tactile hairs stimulate the 
sensitive cells by pressure against them 


Horn an evolutionaq viesvpomt, one of the earliest typos of structures 
concerned ssi.h equilibrium is found the medusae of some eoelentemtes 
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Specialized organs ( statocysts ) are found along the rim of the umbrella’ 
(Figure 173) The} are supported by narrow stalks which allow the struc 
tures within the cavity to sway, and the hairs protruding from the cells are 
forced against the side walls This is the principle involved in all specialized 
static organs 

Most imertebrates do not have such specialized static organs In many 
cases animals depend upon touch sensation for ascertaining position m 
space 

The arthropods ha\e well developed organs of equilibrium and some in 
teresting experiments ha\e been carried out with certain species of crusta 
ceans The cra\fish for example has saclike organs at the base of each of 
its antennules The cauties of these structures are lined with hair (ciliated) 



FIGURE 174 

Illustrating the positions of antennules and the or gan of equilibrium (statist) of the 
cnjfish 


cells and contain grains of sand which, moved b} force of gravity, stimulate 
the hair cells, each of which is supplied with a neuron When the craj fish 
molts and throws off its chitmous cxoskclcton so that it can grow, these sand 
grains arc lost and the animal must pick up others and place them in the 
sac If iron powder is placed m the statoevst instead of the sand grams im 
mcdiatclv after the exoskeleton is discarded, the crajfish has no great difli 
cults in maintaining its equilibrium or in moving about from place to place 
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The iron, howeser, can be made to take almost any position in the statocyst 
by means of a magnet. If the magnet is applied to the right side of the 
statocjst, the iron filings contact the hairs on the right side, which produces 
the same effect as when turning or falling on the right side The crajfish, 
reflexh, turns on to its left side m an attempt to “right” itself If the mag 
net is held abase the eras fish, it is forced to swim on its back 
Insects have the power to maintain equilibrium verj well and certain 
specialized structures ha\c been found which hate this function However, 



the majority of stud.es, up to the present t.me, have been coneemed with 
equilibrium* of fl.es in fl.ght The rudimentary wings (behind the true 
wings) are called haltces or balancers and are thought tofunejona organs 
of equilibrium Some fl.es can get along just as wdl without the balancers, 
whereas others lose then equil.br, urn in fl.ght if the halteres are removed 


Organs of Equilibrium in Vertebrates , T , 

„ , ar#* found in all \ertcbrates Those 

of mammal^ liafc^recu mvestr gated more lhorougl.lv than those of any 
others 

circular canals and the utncutus auu o 

also Figures .67 and .68) Trio of the semicircular canals arc vertical 
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(anterior and posterior), standing at right angles to each other, the third is 
horizontal At one end of each, just before it enters the utricle, is an en 
larged sac or chamber, the ampulla (see membranous semicircular canals) 
The special receptors are found in the ampullae and consists of a group of 


ANTERIOR 


FIGURE 176 

Normal position of semicircular canals in 
the head as Mewed from above 

hair cells winch connect with neurons from the vestibular branch of the 
eighth cranial nerv e These end organs are called enstae, and are acted upon 
b\ the change in force of the cndoljmph in the semicircular canal, when 
the head is moved with an increased or decreased velocity, or suddenly in a 
new direction 



POSTERIOR 



There arc also specialized aid organs found within the sacculus and 
utrictihis Thcv arc called maculae and arc located on tfic floor of the 
ntnculiis in a horizontal position whereas thcv arc almost vertical on the 
inner wall of the sacculus lnncn ilion of these structures occurs also bv 
wav of branches from the erghth cnmal nerve Ihc nncuhc consist of 
sensors Imr (ciliated) cells which arc covered with a gelatinous material con 
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taming man) calcareous cr>shls These cnstals (otoliths or statoliths) are 
mo\cd b) force of graut\ as the head changes its position and in this man 
ncr maj “pull ’ on or “press against the hairs or cilia 


Calcium 



FIGURE 178 

A macula the equilib- 
rium organ of the human 
utriculus 


in other n ords, there are cr.dently trio processes rnvohed (i) that con 
cemed rr ith d, nrm.ro equihbnmn, or the increment of the head (and body) 
through space, and (a) that concerned with static eqmhbnum, or the posr 

tionof the head (and body) in space , , , 

The semicircular canals fnnetron m dynamic eqmhbnun, As the head 
mores, the canals more m the same dnect.on, but the endolymph, because 
of rts inertia is d.splaced slightly m the opposite direchon, and the ha.rs 
(cilia) of the end organs are thus bent to produce a sensation In this 
manner, mformatron is gamed as to the directum of morement, usually, 
the eyra, muscles and tendons also contribute to the sensation of more 

m The maculae of the utncnlus and sacculus are m a normal position rrhen 
the head is erect Only rrhen the position of the head is changed, do 
thev send rmpnlses to the bram For crumple rf a person should stand on 
his head the calcareous granules rrould then he pressing against ha.rs that 
, ’ i i -wi bppn nulling and \ice versa Such stimulation serves 

they prerionsty had oea P & ^ ^ companson to hjs normaI p0$1 

non °™1«" organs are srmdar m their act.on to the static organs of the 
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The Fluid Media of Animals 


TRANSPORTATION OF SUBSTANCES WITHIN ANIMALS 
Tur trans! ort system in animals is dependent upon the fluid media The 
onl\ \\a\ in which food oxygen and otltcr materials can get into and waste 
products cm get out of cells is by diffusion through cell membranes In 
the most primitive of animals the Protozoa no special system for transporta 
tion of these substances is needed unless streaming movement of the proto 
plasm which aids in circulation within the cell might be considered as a 
primitive transport system These single celled organisms come in direct 
contact with their enuronment thus obtaining food and oxygen directly 
from it In the Portfera (sponges) and Coclenterata (hydra jellyfish and 
similar invertebrates) approximately the same condition exists since the cells 
of these forms also come in direct contact with their environment 

In large animals with tissues consisting of many layers of cells those cells 
lying deep within the body would soon die of suffocation and starvation 
unless a special means of transportation were available diffusion could not 
otherwise extend into these layers The fluid media of animals therefore 
shown gradual development from the primitive situation of those organisms 
requiring no special medium at all to the advanced situation of those re 
quinng highly complex circulating media as well as circulatory organs for 
carrying the fluids to and from various tissues and organs 


CLASSIFICATION OF FLUID MEDIA OF ANIMALS 
Most of the circulating or fluid media of organisms belong to one of the 

f0l ! 0 ™2 P .r.l,e only medium that surrounds the colls of such forms as 
Proto-on Pan fern aud Coctentor.hr then natural enuronment cor conga 
rather large area such as the sea lakes or ponds Water carries oxygen and 
food substances necessary for the life of these forms and he rrastc products 
need merely pass through the cell membranes into the rrater 

a Hydrolymph as the term suggests is a irate,, fluid carrying nutriment 
to and remor mg wastes from organs and tissues of loner animals Tin type 
of medium contains no respirator, pr^cnls (hemoglobin o, l emogdob n 
like compounds) and therefore has no respiratory function except for 
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oxygen carried by the medium itself However the hvdrolymph in the 
water vascular system of E chinodemutta (starfish) carries oxygen in sufficient 
quantity to supply the tissues of these organisms In addition to being 
present in the echmoderms hydiolymph is found also in flatworms 
The transport medium of some echmoderms (sea cucumbers) however 
contains hemoglobin like pigments within cells or corpuscles and therefore 
possesses a specialized respiratory function These are the lowest forms of 
animal life in which a respiratory pigment is carried within cells Aside 
from these few exceptions the presence of red blood corpuscles seems to be 
confined to the vertebrates 

3 Hemolymph is a circulating fluid that has a greater protein content than 
hydrolymph and is less watery The media falling into this group contain 
hemoglobin like substances that are dissolved in the plasma and sometimes 
correspond closely to hemoglobin of higher organisms these substances or 
pigments are very seldom present m corpuscles This type of fluid occurs 
in Annelida (earthworms) and Mollusca (oysters) 

4 Tissue fluid is usually demed from the blood by means of filtration or 
dialysis through the blood capillaries It is the fluid in direct contact with 
the cells of the bodies of organisms and comeys foods oxygen and other 
materials from the blood to the cell It is therefore a fluid that is found 
in the intercellular spaces of all animals (except protozoan forms) 

5 Lymph is usually described as a liquid derived from vertebrate tissue 
fluid and is similar to it except that it is contained in vessels (lymphatic 
vessels) The circulating media of some species of animals containing no 
respiratory pigments in their body fluids have lymphlike characteristics 

Insect lymph is often referred to as blood since it is actually lymphlike in 
its structure In insects the general body cavity is a lymph sinus called a 
hcmococlc Most of the respiration is carried on through tracheal tubes 
which leading directly to the tissue cells take oxvgen to and remove carbon 
dioxde from the tissues Except for a few larval forms (for example 
C/uronomus a midge arva) insect blood contains no respiratory piginen 
Colorless cells called hemoeyfes are present and move about from place t< 
place These cells are phagocytic (they attack bacteria and other parasites 
in the Ivmph or blood) and function chiefly in (i) breaking down old and 
building up new tissue and (2) protecting insects against bacterial m 
vasion 

Unlike the blood of vertebrates the lymph of insects is not under verv 
great pressure actually showing m some cases a negative pressure Thus 
loss of fluid as a result of m|ur\ is not a serious problem to these animals and 
therefore clotting of the blood is not nearly so important as in those with 
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great blood pressures If some of the bod) fluid of insects tends to escape 
from a small injur), it ma> dry rapidl) and form a protective film o\er the 
opening or, in some cases, the colorless cells maj collect at the opening to 
present further outflow 

6 Blood is the chief circulating fluid of all vertebrates In these forms 
the fluid has taken on the characteristics of a tissue and is treated as such It 
is a very complex fluid, more so than an) of the other t)pes found in animals 


FUNCTIONS OF VERTEBRATE BLOOD 

For the present, most of our discussion will be reserved for the blood of 
mtebrates As a transportation medium it has a \aneh of functions (1) 
It has a respiratory function m that it carries oxygen to the tissues (2) It 
has an excretory function in carding carbon dioxide to the alveoli of the 
lungs and other waste products to the hidne)S skin, and intestines for dis 
posal (3) It distributes heat umforml) over the body and thus aids m 
'equalizing and controlling temperature (4) Its nutnlne function rs also 
a highly important one, the bod) cells cannot be very long ruthout proper 
food material The blood can picl up materials absorbed through the in 
tcstinal wall and distribute these to the points where they are needed (;) 
It carries hormones, or internal secretions, which regulate and coordinate 
many bodily processes (6) It provides for proper , inter distribution 
throughout the body (7) It defends the bod, against the inroads of disease 
producing microorganisms This is accomplished m one or both of two 
wavs (a) phagocytosis, and (b) formation of immune bod.es (8) By its 
ability to clot, the blood is protected from too great a loss >n volume when 
the vessels which carry it through the body are injured (9) It furnishes a 
physiologically balanced medium for the tissues of the bod) (10) It con 
tains materials rendering it an excellent buffer medium so that he reachon 
of the blood and tissue fluids may be maintained at their normal level, that 
is, near neutrality 

THE COMPOSITION OF THE BLOOD 

The average specific gravity of human blood rs about 1 055 and rts pH is 
between 74 and 743 J” illume o"f the blood nor 

40 and 5 o per cent The volume of the liquid part, or plasma, vanes m 

versely with the corpuscle ' c ' l ' u;t ' microscope it is found to consist 

If a drop of blood rs impended^ m a hquid ! plasma) 

of innumerable minute cells ( corpuscles ) suspv 
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Two kinds of blood cells can be distinguished the vast majority are disc 
shaped red corpuscles, or erythrocytes , scattered among these are the white 
or colorless corpuscles, leucocytes, which unlike the red cells, lia\e retained 
their nuclei If proper precautions are taken, a third type of corpuscle may 
be seen, the blood platelets 

The Blood Plasma 

The plasma is a very complex fluid consisting of many substances as 
sociated with proper functioning of the blood Plasma is composed of ap 
proximately 90 per cent water and 10 per cent solids The solids are chieflv 
organic compounds although about 1 per cent of the plasma consists of in 
organic salts especially the chlorides, sulfates, carbonates and phosphates of 
sodium, potassium, calcium, and magnesium 

The Blood Proteins 

The blood proteins serum albumin serum globulins, and fibrinogen, make 
up about 7 per cent of the plasma These proteins have several functions 
as follows (1) Maintenance of proper water balance between the blood 
stream and the tissue fluid This is accomplished by proper osmotic rela 
tionslup on either side of the smallest blood vessels (the capillar) mem 
brane) In other words, if the protein content of the plasma is too great 
compared with that of the tissue fluid, too much water may be drawn from 
the tissues, or if the osmotic pressure is greater m the opposite direction, too 
much water may enter the tissues, a condition known as edema or dropsy 
(2) Fibrinogen plays a part in the process of blood coagulation It is soluble 
in the plasma but, during the processes concerned with blood clotting, it is 
changed to the insoluble fibrin (3) All the proteins aid m producing a 
\ iscosity m the blood most favorable for the maintenance of blood pressure 
at a normal lev el (4) Of the serum globulins, the gamma globulins appear 
as normal constituents and also m a form wherein they act as antibodies — 
immune bodies produced in special tissues in response to the presence of 
foreign substances, such as bacterial toxins, and released into the blood 
stream 

Many nonprotcin substances, also containing nitrogen in their molecule, 
occur in the plasma Such substances as urea creatine creatinine, uric acid 
ammonium salts, and ammo acids are of this type, they vary considerably m 
concentration 

There are present several nonmtrogcnous compounds such as glucose 
(o 09 to o 1 per cent normally ), fats and lipoids 

In smaller quantities we find the hormones (chemical coordinators), 
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enzymes, prothrombin which is also concerned with coagulation, and \anous 
gases These gases (oxygen carbon dioxide, and nitrogen) are dissolved 
only to the extent that thev would be dissolved in water under the same 
conditions Most of the oxygen in the blood exists in combination with 
hemoglobin and most of the carbon dioxide, as bicarbonate of sodium or 
potassium When the blood reaches the tissues carbon dioxide is taken on 
as a waste product and is eliminated in the lungs Extreme changes in the 
acidity of the blood would take place, if it were not for the presence of pro 
terns, and phosphate and carbonate salts, in the plasma As buffer sub 
stances, thev have the capacitv of neutralizing the effects of hydrogen ions 
and hydroxyl ions by combining with them temporarily These ions are 
then eliminated by wav of the excretory organs 

THE VOLUME OF THE PLASMA AND WHOLE BLOOD 
Whole blood is about 9 per cent of the total body weight, and plasma, 
about 5 per cent The average man (70 kg or 155 lbs ) has, then, approxi 
mately 6 liters of blood Infants have a greater blood volume in proportion 
to body weight than adults, although the proportion of blood volume to 
body surface is lower in the infant than in the adult 
Actually , the \ olume of all body fluids including blood are dependent upon 
one another Therefore, the blood volume and its changes cannot be 
understood without considering at the same time, the total fluid content 
of the body 



THE TRANSPORT SYSTEM 


278 

a rather stationary mass m companson with blood and lymph, nevertheless 
there are very few parts of the body into which the blood is not carried and 
therefore, since distances are not very great, diffusion of substances from the 
blood into the tissue cells is almost direct Very important structures, such 
as voluntary muscles and the walls of the intestinal tract, have a rich supply 
of blood capillaries in order to ensure rapid diffusion of food materials and 
oxygen into the muscles, as well as food materials from the intestines into 
the blood The brain lungs, and heart muscles are also well supplied with 
blood 

Some regions of the body have no direct blood supply For example 
cells on the inner area of the epidermis (the outer layer of the skin) (Figure 
115, page 193) must depend upon materials from the tissue fluid bathing 
the dermal cells However, as is generally known, the epidermal cells do not 
show very great metabolic activity and therefore, are not in need of verv 
large supplies of oxvgen and food 



FIGURE 179 

Diagram illustrating tlic diffusion of plasma materials into tissues on 
arteriole side of capillaries Because of a lowered osmotic pressure in 
the blood capillaries some of this fluid passes back into the capillaries 
on the venous side Arrows indicate direction of diffusion 

The tissue fluid is constantly changed although, normally, very slowly 
As pointed out above it is formed by the continuous flow of water and other 
substances from the plasma through the capillary membranes into the tissue 
spaces This flow takes place on the arteriole side of the blood capillaries 
Tins tissue fluid for the most part is returned to the blood stream bv way of 
the lymphatic system It first passes through the walls of the lymph capil 
tancs and joins the Ivmph stream which flows into successively larger Ivmph 
vessels which emptv into the large veins near the neck region 
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FIGURE 180 
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It is evident that diffusion, osmotic, and filtration phenomena play an 
important part in nutritive and respiratory processes of the bodv By these 
\anous means the blood gams dissolved food materials while passing through 
the capillaries of the digestive tract and loses them to the tissue fluid in other 
parts of the body where they are needed At the same time that digested 
foods (and oxygen which was taken on m the lungs) are passing from the 
blood capillaries to the tissue fluid waste products are passing from the tissue 
fluid into the blood Thus what the blood loses in one region it gains m 
another, and vice versa 

Structure of the Lymph System 

The lymph system has its origin in a mesh work of closed lymph capillaries 
which begm blindly in the tissue spaces and m the villi or finger like projec 
tions that give greater surface to the intestines Tins network of lymph 
vessels is about as extensive as the capillaries of the blood system Excess 



FIGURE 181 

L) niph capillary and lacteal lead 
ing into intestinal \illus Arte 
nolc capillaries and \cnulc not 
shown 

tissue fluid collects in these lymph capillaries where it is known as lymph 
and from where it is earned back bv larger lymph \cssds to the blood stream 
as mentioned above The lymph capillancs of the intestinal villi arc called 
/aef cals because the fattv matcmls that are absorbed into them give a nnlky 
appeannee to the fluid 

The lactcals unite with others to form larger Umph vessels winch unite 
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succcssi\cl) to form still larger ones The course of the larger vessels being 
interrupted occasionally b) lymph nocks or lymph glands generallj follows 
that of the \eins 1 hese glands ha\c sinuses into which the smaller \essels 
empty The contents arc again collected into afferent \cssels leading away 
from the nodes All of the h rnpli from the irms and legs must pass through 
at least one of these nodes on its route to the blood \essels Each lymph 
node or gland functions as a filter for foreign organisms and particles 
Pinal!}, all of the ycsscls unite to form two main branches the nght 
lymphatic and the thoracic ducts The nght lymphatic duct is formed b> 
lymph ycsscls from the right side of the head neck and thorax the nght 
arm, nght lung and right side of the heart and the com ex surface of the 
lner All other lymph ycsscls e\entuall> empty into the larger \essels 
leading to the thoracic duct These branches connect w ith the blood stream 
in the neck region \ia the nght and left subclawan \eins, respectuel), and 
the lymph is mixed w ith the blood at these points 

Lymph \csscls are lacking in some structures in the bod) including the 
central ncryous sjstcm, the ah col 1 of the lungs the bone marrow, and the 
pulp of the spleen 

The yolumc taken up b) the lymph is not known but is thought to be 
less than that of the blood Lymph clots slow lj , since it contains rather 
small quantities of those substances needed for clotting that is, prothrombin 
and fibnnogen 


OTHER BODY FLUIDS 

The peritoneal fluid is found m the caul} formed b> the rails of the 
pentoneum in the abdomen 

The pleural fluid occurs rn the pleural cant; of the thorax, in which the 

lungs are situated , , , 

Tire pericardial fluid is present m the pericardial cants, in uhich the heart 

“ AlTofthese fluids present o„l, as films are probabl> demed from trssue 
Hurd and function rn the lubncat.on of the nails of the bodj centres The 
organs surrounded bj these fluids can therefore more much more freel 5 
since no great friction is produced bs their movement 

The Bmds of the eve, the aqueous humor and the fluid of the » .(icons bod, 
uc uuius or i >, , „ „r Hie cie at the same time allowing 

"organs at the bach of the ere, the, are called mfru 
of the membranous cochlea and in tn 
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buffer or cushion to pre\cnt injury to the brain or cord It also has a 
nutritive function, being kept in motion by means of cilia in the \ entricles 

FLUID EXCHANGE IN THE BODY 

A constant interchange of fluid takes place between the tissues and the 
blood Whenever conditions arise that tend to increase or decrease the 
water content of the blood and therefore to raise or lower the volume some 
mechanism functions m counteracting these changes Fluid lost from blood 
\essels is restored by the passage of water from the tissue spaces into the 
blood stream Also, if conditions are such that blood volume rises the 
excess fluid is poured into the tissues or is excreted In this manner, a 
balance between the blood volume and the tissue fluid volume in the healthy 
individual is maintained at a nther constant level 
The fact that the circulation draws upon extravascular spaces when in 
need, may be demonstrated on an animal that is bleeding to death because 
of a severed arterv Samples of blood obtained at different times during 
the bleeding, are analyzed The samples secured after a few minutes of 
bleeding contain few er corpuscles per unit volume than those taken when the 
arterv was first opened Chemical analyses of the later samples show also 
a great decrease in concentration of plasma proteins and other substances 
1 his is clear evidence that the blood is diluted by fluids diffusing into the 
blood stream from the tissues This diffusion occurring almost simulta 
neously with the decrease in blood volume is a natural attempt to over 
come that decrease 

REPLENISHMENT OF WATER IN BODY FLUIDS 
Norm all), water in the bod, fluids may be replenished m two ways (i) 
by the drinking of liquids or by ingestion of foods that contain water, and 
(l) by metabolic water formed during oxidation of foodstuffs In the 
following table arc presented the quantities of metabolic water formed bv 
the oxidation of the three main classes of foods and of alcohol 

TABLE 5 


Amount ot Molnbolo W.t.r P.odwe.d b, D.nanolod Compound, 


Compound 
Oudt ed 

Grams of \\ater Produced Per too Grams 
of Substance Oxidi ed 


1174 

Fat 


Starch 

, 

1 rotein 

— 
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In the average man, from 300 to 350 g of water are produced duly in 
this manner 

Foods stored in the bodies of animals or in the body tissues themseh es 
can furnish water by this method when none is taken directly or contained 
in the food ingested Glycogen protein and fat stored in the body can 
upon oxidation produce fairly large quantities of water The camel s hump 
actually a reservoir contains much fat The fat is held in resene until 
such time when the camel will be unable to find pure water in its emuon 
ment The fat is then oxidized and the water thus formed is available for 
the camel s needs 

Very interesting experiments have been made upon clothes moths with 
respect to the production of metabolic water The material they normally 
use as food contains very little water and moths have never been known to 
drink water If they are placed in desiccators and fed perfectly dry food 
they lay eggs which are 80 per cent water This water could be obtained 
only by oxidation of food materials 

The cases just cited are extreme, to be sure but we know now that the 
very same kinds of oxidativ e processes will also furnish man and other mam 
mals with much needed water The amount that can be furnished and 
utilized however, is limited 

LOSS OF WATER FROM THE BODY 

Water may be excreted from the body in several ways vn the urine of 
the kidney the feces of the alimentary tract the sweat of the skin glands 
and the expired air of the lungs Sometimes there is considerable loss by 
way of saliva especially from the body of one who chews tobacco habitu 
ally Usmllv however the water in the saliva passes on through the nhmen 
tary tract and appears along with that of the feces or if reabsorbed it 
ma\ appear in the urine or svv cat— there would be no method of detecting 
it except by means of tagged molecules (molecules that have radioactive 
elements attached to them) 

Table 6 presents the duly loss of water and the channels through which 
it is lost by the average man performing light work in a temperate climate 

These figures varv considcrablv from person to person and in any partial 
lar locality depend upon food and liquid intake temperature humidity 
and muscular exercise Much more water is lost as sweat at high than 
at low temperatures When hmmditv is high more is lost vi3 the urine 
than when the humidity is low Although one appears to sweat more 
in high humidity, it is lncrch due to the fact that the sweat docs not cv tpo* 
rate very rapidh In hot climates the dailv sweat secretion nia\ amount 



THE FLUID MEDIA OF ANIMALS 


285 


TABLE 6 


Loss of Water from Body of on Average Man 
(average temperature and hutnidih m temperate climate) 


Wafer Lost by Way of 

Average Daih Loss 
("ice ) 


Sim 

500 


Expired Air 

35 ° 


Unne 



Teccs 

* 5 ° 


Total 

2500 



to 2500 co or more rod m verv torrid regions to .0 liters or more The 
loss requires ingestion of on equal quant, ts of niter ,f the intake mid output 
me to balance The ratio is held at a constant leiel except during growth 
(or during convalescence from disease) when more water rs taken into the 
bodv than ,s eliminated This can be explained bv the utilization of water 
during the process of protein formation from ammo ac,ds-a process neees 
sary to rebuild weakened or worn tissues 

During muscular exercise there ma, be large quantity of water lost 
L unng runs ordinanlv, the air entering 

«*» «■« - 

mugs luiu } increase in respirator) activity 

saturated at lung temperatures 1 bus, an> me v y 

wall also '"crease water loss cen , ^ „ th , s Kere 

The human bo ) C ^ ^ ,, gallon container The blood contains 
extracted it wou , ^-ater — approximately one fourteenth of 

Old) a small part of the to M ^ ot , m PP ssues , such as muscle and 
the total Most o i orclter par t of the bulk of the bod) Almost 
epithelium that ma c up t» w hich soluble substances can dis 

all of the water is m the “ e ^^ mflon 

soiveandit can be rcm °' e ^ er 5 cent 0 f the total body water is lost, the result - 
If more than 25 or ,o remedies such as transfusions, arc 

ma) prove fatal unless immeu 

cmplo)ed connected with water loss or dehvdration failure 

Mam factors ma) e prolonged diarrhea, or an increase m 

to obtain fluids, P^ rslS ^ t j lC tissue fluid and the blood stream Tins 
osmotic pressure e ' ^ somc reason or other, the protein content of 
increase occurs w lC ” ^ therefore water is drawn from the tissue 
the blood is increase a ^ ^ niim Perhaps the first to appear is thirst. 
The effects of cr . ^^tion arc not removed a disturbance in 
and, if the briars ciaw* t,lC 
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the acid base equilibrium appears, with a tendency especially toward a 
greater aciditi Later, a definite loss m weight is noted along with a dry 
ness and wnnUing of the shin These conditions result in the pinched 
expression so noticeable in persons convalescing from a long illness during 
which much of the bod} water has been lost 

WATER INTOXICATION 

Wafer intoxication, the opposite condition to water loss, can and does 
exist in animals When an animal is made to imbibe large quantities 
of water after the urinary output has been reduced by the action of pituitnn 
(see endoennes. Chapter 38), its tissues become clogged with water, and it 
is said to be waterlogged In man this is sometimes experienced when a 
person with nephritic edema is gi\en large quantities of waiter Animals 
and man, if given large amounts of water, when suffering from cerebral 
edema maj go into com ulsions 


?£DEMA 

Edema commonly called drops\, is the term applied to excessive ac 
cumulation of fluids in the tissue spaces The condition is caused b) a 
defect somewhere tn the mechanism or mechanisms concerned with water 
balance in the bod\ with the result that the tissues of the subcutaneous 
regions become swollen 

Tdcma is known to develop as the result of abnormal activity of several 
processes (1 ) Reduction of osmotic pressure of the plasma b) a decrease in 
protein content will cause water to flow from the plasma into the tissue 
spaces (2) An increase 111 the permeabiht) of the capillarv membrane will 
have the same effect (3) An increase in the pressure of the blood in the 
capillaries will tend to force more fluid into the tissue areas (4) Obstruc 
tion in the lvmph channels is a factor, the effects being evident in clcphan 
tnsis, a disease caused bv a species of small worm clogging the lvmph vessels 
( 5 ) Obstruction in the v cins hindering proper flow of blood will cause a back 
pressure which will prevent am tissue fluid from passing back into the blood 
stream on the v cnous side of the capillaries 

ADDITIONAL READING 

Best C II , and N B lavlor Physiological Busts of Medical Practice, 5th cd 
(Baltimore \\ illnms and Wilkins 1950) chs 1 3 4 Properties of 
blood and lvmph water balance 
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The Red Blood Corpuscles 


THE STRUCTURE OF THE RED BLOOD CORPUSCLES 
The red corpuscles, or erythrocytes, when examined under the micro 
scope appear to vary in shape as they are carried along m the plasma, this 
variation being a result of the different angles at which they are viewed 
Those that are seen as they he flat on the 
slide appear to be circular, biconcave discs, 

hollowed out in the center Often thev pile f £ ~ 

up m the same manner as a stack of poker \ 

chips — a phenomenon known as rouleaux 
formation The av erage transverse diameter 

of the wet erythrocyte is about 8 to 8 5 mi /f&f ? ^ } 

crons (or 008-0085 mm) Microscopic i | A i J 

examination of blood cells is most conven j J jp 

lently carried out on dried and stained 

smears On drying, a loss of 8 to 16 per fo^oYm 

cent in diameter takes place as the result of „ , fl4 

, -iif j-Vip rIGUKfc in'* 

shrinkage The average diameter or me 

blood cells therefore, rrr dried smears is onl) The human red blood coll 
approximately 7 5 microns However, since 

comparisons are made for blood cells under the same circumstances ti e 
shrinkage is of no great consequence in clinical practice or e\amp , ic 
examination of a « et smear of blood obtained from a pa ten m P 
anemia, shoes that the red cells ,ar> in shape and are much large than the 
,, , , , A dned smear of anemic blood when coni 

red cells of a normal rndn .dual A *. dlous opoIt , on alh 

pared ruth a similar specimen of norma b ^ ^ ^ = mlcrom and ,ts 
arger red cells The greatest th,c ^“’ hcs) 1S , m.cron The total 
least (measured at the centers of the conj, ^ sn|a)| 

solume of the human er} throe) te is * jP fi)c At tinics , houcser 
enough to pass through S conlrac(1 „„ of the cup, liar, 

these cells appear to be squeezed S > those of humans 

- “ lk ° f m tcdUontams no nuckus the red cells o. other 

The mature mammalian red cell contains 
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FIGURE 185 


Cross section of ted blood cell 

mammals are circular also with the exception of those of the camel group, 
which are o\al 

The shape of the erythrocyte is most fa\orablc for its chief function as an 
oxygen earner It is a compromise between a sphere and a thin disc, 
the former shape is conducive to the greatest earning capacity and the 
latter is most favorable for diffusion, since a greater surface is furnished 



FIGURE 186 


The red cells of various vertebiates illustrating their comparative sizes A, deer, 

B, goat, C marmot, D, camel, E, man, F, bird, G, fish, H lizard I frog 
J Amphiuma \-E, non nucleated (mammals), T-J, nucleated 

Structurally, the red cell is thought to be a spongehhe stroma or frame 
work consisting of a mixture of proteins and lipoid substances m the meshes 
of which hemoglobin is held Hemoglobin is composed of 95 per cent 
globin (a protein), and 5 per cent heme, a porphyrin compound contain 
ing iron and giving color to the blood 
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The lipoid constituents are normally phospholipoid 58 per cent, free 
cholesterol 25 per cent, neutral fat 12 per cent, and cholesterol esters 7 per 
cent 

Singly, each red corpuscle is pale yellow in color, appearing red, however, 
when collected m misses The red color is due, ewdently, to a greater rc 
fraction caused by the large number of corpuscles in the blood 

RED CELL COUNT IN MAN 

The number of red corpuscles per unit \olume of normal blood is of 
sufficient uniformity to render red cell counts of great \aluc as diagnostic 
tests The mean count for human males is 5 470000 per cu mm and for 
females, 4750000 per cu mm of blood The red cells arc counted by 
means of an apparatus called a hcmocytomctcr ( blood cell measurer ) 
consisting of (1) a special pipette in which a drop of blood is diluted two 
hundred times with a fixing solution, which also destroys the white cells, 
(2) a counting slide, on which is a polished surface lying exactly o 1 mm 



FIGURE 187 
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Var Qtion in Red Cell Count m Mon 

Many factors control or influence the red cell count m humans It has 
already been noted that sex is a factor miles having a greater number of 
corpuscles per unit volume than females 

Age also is i factor although not so great a one as might be expected 
The following table gives the average number of corpuscles for males at 
different ages 


TABLE 7 


Red Cell Counts of Human Males ot Different Ages 


Age in 3 ears 

Number of Tr) f/iroc) fes 
( million per cv nm ) 

At birth 

58 

2 

55 

5 

5 » 

8 

49 

10 

5° 

*5 

54 

20 

58 

3° 

5 5 

5° 

50 

7> 

43 


High altitudes also will affect the red cell count In the process of 
acclimatization to the rarefied air of high altitudes (10000 to 14000 ft ) 
the increased production of erythrocytes plays an important role As com 
pared to an average of 5 y_ million cells per cu mm at sea level, one may 
find that an individual has as many as 8 million after a few weeks residence 
at 14 000 ft 

Exercise causes an increased count temporarily because of the contraction 
of the spleen 

The red cell count also varies in disease Some diseases such as those of 
the respirator) tract and the heart are assoented with an increase whereas 
others such as anemia and those that produce fevers are associated with 
a decrease in number 

RED CELL COUNT IN OTHER VERTEBRATES 

A great difference exists between the number of red cells per unit volume 
in the poikilothermic (commonh called coldblooded) and that m the 
homoiothcniuc (warm blooded) animals (pages 422 and 423) Generali) 
it is found that the number increases and the size of the corpuscle decreases 
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from the lower to the higher % ertebrates The amphibians, espccnllj, ha\e 
very few cells in their blood as compared with other classes It seems as 
though those animals having the smallest and most numerous blood cells 
(i) are warm blooded, (2) arc small (thus losing more bodv heat per 
volume), and (3) reside at high altitudes 
In Table 8 several species vv ith their cell counts and sizes are giv cn The 
llama and goat live normall} at high altitudes 


TABLE 8 

The Red Cell Count and Red Cell Sue of Different Vertebrate* 


Cfim 

ROC 

Iptrcu mm ) 

Sire 

(in micron* ) 

Pisces — r ish 

140 000 

*3 

\mphibn 

Proteus 

56000 

5 ° 

Salamander 

So 000 

5 ° 

18 

I rog 

400 000 

A\cs — Bird* 

2 000000 

10 

Mammalia „ 

Man 

5 500000 

' 

Horse 

- 000 000 

’ 

Llama 

10000000 


Goat 

14 000000 
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framework upon which hemoglobin is earned within the corpuscle 
Hemoglobin has i molecular weight of approximately 67,000 It consists 
of about 5 per cent heme, which is an iron porphyrin compound I our 
heme groups unite with each globm, as illustrated in the structural formula, 



One heme molecule attached to globm 

therefore, each molecule of hemoglobin contains four atoms of iron The 
iron is responsible for the ability of hemoglobin to combine readily with 
oxygen, each atom of iron combining rather loosely with one molecule of 
oxygen 


TESTS FOR ASCERTAINING CONSTITUENTS OF BLOOD 
The presence of an organic pigment, heme, found in hemoglobin can 
be determined by placing a drop of blood on a glass slide, adding a sodium 
chloride crystal and heating carefully until dry A drop of glacial acetic 
acid added to the residue, results in the formation of small brown 
rectangular crystals, which are the chloride of heme or hetntn Heme is 
present in most of the red blood of \ ertebrates and invertebrates Obviously, 
hemm crystals can be produced from almost any blood by using the method 
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described abore The test therefore is useful onI 5 for differentiation of 
blood and red or brown pigments One cannot use it for distmguis mg 
human blood from that of a horse or a frog 
Because of the fact that the protein (globin) portions vary ’ 
animals, hemoglobin is specific for each species one can asccr i 
, ° „ , , h ood is that of man or some 

shape of the crystals produced whether t 

other animal Crystals of hemoglobin may form if blood on a glass 
is treated with ammonium osalate and ^ ^ bc dctErmmcd 

The quantity of hemoglobin per urn ' cdurcs i„ the Sahli 

by several methods that are bandar I 'b b]ood B madc by 

and Dare methods, a visual ovate J ^ aMqlllst method is less 
comparing it with a slandard , blood s ,a,„ «,th a senes of color 

accurate consisting of a “' n P ans ° tE[S , s m oic accurate and hence 

charts The use of photoelectric ^ ^ , ob]n , s determined b, the 

more desirable since the amour absotb bgI , t OTS The amount 

ability of a solution of hcmoUzc b ^ ^ t , ic am0 „„ t of hemoglobin 

of light absorption is duecth p P ([Qm |bc sca ] c 0 f the mstmment 

present and a direct reading ma) ^ hemoglobin is measured b\ the 

Another accurate method is out 1 o( bcrnog | obin urics m each in 
amount of iron present 1 ,c ^ b ]„ 0 d 

diwdual between 12 and 17 S P . t« 
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The blood of invertebrates having a circulating medium varies con 
siderably in consistency Many species have red blood which at one time 
was thought to contain a substance comparable to the hemoglobin of verte 
brate blood However as is discussed later (under respiration Chapter 30) 
the chemical nature and the properties of the invertebrate respiratory pig 
ments are very different from those of vertebrate hemoglobin 
Some of the members of the phylum Mollusca and others of the class 
Crustacea of the phylum Arthropoda have blood containing a pigment 
consisting of large molecules (molecular weight probably greater than 
5 000000) made up of man} amino acids and copper which functions in a 
manner similar to iron in hemoglobin This substance is called hemocyanin 
and is colorless when reduced but has a blue color when oxygenated Often 
when oysters are brought into market during the winter months thev mav 
be partly frozen and have a definitely blue color Tins is owing to the 
lowered metabolism of the oyster which enables the hemocyanin to retain 
much of its oxvgen since only very little of it is needed by the tissues during 
the period of retarded activity 

THE FORMATION OF ERYTHROCYTES 

Mammalian erythrocytes are cells which have lost their nuclei For this 
reason some believe that they are no longer living structures in the ordinirv 
sense but merely mechanical devices Within certain bones such as the 
ends of the long bones (such as humerus femur and the like) ribs 
vertebrae sternum and portions of the skull the marrow differs from 
the yellow marrow found in the shafts of the long bones The marrow of 
the particular bones mentioned is a deep red color because of the network of 
small blood sinuses (sinusoids) lined with numerous large endothelial 
cells that multiply rapidly store hemoglobin within themselves lose their 
nuclei and take on the appearance of young red corpuscles Tins process 
of erythrocyte formation is a very important one and takes place on a large 
scale It has been estimated that the life span of the human crythrocvtc 
is approximately 120 days If this is true about 200000000 red cells must 
be produced ev cry minute 

The term cry throgenesis (meaning red cell beginning) is applied to the 
development of the crythrocvtc In the carlv embryo the hv er and spleen 
arc responsible for this development m the later embrvo bone marrow 
also begins production and continues to do so throughout life the liver 
and spleen ceasing production sometime before birth I low cv cr the spleen 
can again take up the function during periods of stress following excessive 
loss of blood 
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The cells lining the sinusoids and capillaries of the red bone marrow are 
called endothelial cells Among them are \ erj large cells, megaloblast cells, 
which multiph rapidlj to produce red blood cells The) contain large 
nuclei and although the materials necessarj for hemoglobin formation are 



Illustrating the development of the ted tell from the early 
megaloblast stage to the mature red cell 

present, the megaloblast cells have no hemoglobin These cells divide 
rapidly to produce many smaller and more d.fferenhated cells called 

XthmbLts retain then nude., although * » tang this stage 
Ihe nuclei seem to shrink somewhat and hemog o in egi 
erythroblast develops into the 

smaller At thfs point in development, most ot b 

The reticulocyte which «tvvork rtnlrture to 

Hie name being derived torn the fact of , Iie rem nants of 

spread through its interior T 1 " 5 ce]l d , usl0 „ pages 28 and =9) 

chromatin (see description ot the cell a „ d.sappeanng The 

from the nucleus which has disintegrate (1m cc n „ died an 

remainder of the hemoglobin is formed at t ns s "8^ ^ (h( , nomul 

erythrocyte when it has lost all of ■ o(| slnam at som c time 

healthy indiv idual, the cells are released into ttic 

during the reticulocyte stage reticulocytes arc formed 

In recent years claims have been m ^ cnd o[ „ 1C 

Irom the erythroblast by a flow of p P behind It is further 

CAthroctte which pinches off Icawng 
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claimed that mitosis could not account for more than 1 per cent of the total 
number of erythrocytes in the blood stream In fact, mitotic activity can 
be stopped entirel), yet it has been found that this has very little effect 
upon erythroc) te formation Further ev idence must be forthcoming before 
these views can be fully accepted 

Hemoglobin formation takes place in the nuclei of the cells during their 
metamorphosis It would be useless if formed outside the cell since the 
cell membrane is impermeable, also, hemoglobin in the plasma is rapidly 
destroved and excreted Maturity of the red cell seems to depend upon the 
presence of hemoglobin 

Iron, incorporated into the hemoglobin molecule, can be detected in 
the nuclei of the developing red blood cell The animal depends upon an 
adequate dietary supply of iron The daily requirement of the adult human 
is probably 5 to 15 mg It is thought that the amount of iron absorbed from 
the intestine depends upon the need of the body for it at a given moment 
Pure iron salts may fail to correct anemia resulting from iron deficiency, 
but it has been found that traces of copper and cobalt, as well as various 
other metals apparently acting as catalysts, facilitate hemoglobin formation 
Since hemoglobin is such an excellent oxvgen carrier one might wonder 
why it is not injected instead of whole blood into the circulation of those 
who are in need of a transfusion There are two reasons why such a pro 
cedure would not be wise (1) the liver cells would break down the 
hemoglobin molecule into bile pigment and globin as rapidly as the) could 
do so, and (2) the hemoglobin molecule is small enough to pass through the 
pores of the blood capillaries, especiall) those of the kidneys and, therefore 
an) that might have escaped the liver would pass out with the urine and 
feces 


ANEMIA 

Anemia is an abnormalitv of the blood in which there is a decrease in 
the quantity of hemoglobin per unit volume of blood In humans, the 
condition is characterized by paleness, weakness and rapid fatigue, in 
creased heart beat, and breathlessness 
If the marrow of the erythrocyte forming areas of an individual with 
pernicious or primary anemia, is examined microscopically, it is found that 
the megaloblasts, normally few in number, have become quite numerous, 
whereas the usually numerous normoblasts have become scarce Some 
factor essential for the maturation of the red cells from the megaloblast stage, 
is lacking m an individual suffering from pernicious anemia Thus, in this 
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disease, the formation of red cells cannot keep pace with their destruction, 
and, up until twenty one years ago, the condition was always fatal 
In 1926, Dr Whipple and his associates discovered that liver was very 
effective m overcoming a condition of anemia m dogs, and in i 9 2 7 * hlmot 
and Murphy found that it was also efficacious in the treatment of pernicious 
anemia m humans It was fed in the form of partly cooked or raw liver and 
liver extracts Although this is not a cure for the condition, it takes the 
place of some factor which is essential to red cell formation Thus, today, 
a person suffering from this type of anemia can enjoy a normal life if liver 
feeding is continued 
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absorbed through the jntestinal wall and is earned to the liver where much 
of it is stored Any of it that may be necessary for immediate use is 
absorbed by the cells of the red bone marrow which are stimulated by this 
factor to continue the production of erythrocytes Recently, Vitamin B,. 
has been identified as the important extrinsic factor Vitamin B„ is, 
evidently, not absorbed in the ahmentarr tract unless it first combines with 
the intrinsic factor In a person suffering from pernicious anemia, this 
Mtanun is effects e only if injected into the blood stream 
The individual suffering from pernicious anemia does not produce a 
sufficient quantity of the intrinsic factor in the stomach Thus, the anti 
anemic factor cannot be produced even though there may be an abundant 
supply of the extrinsic factor in the diet Consequently, the blood forming 
areas are not supplied and the red cell count decreases unless the antianemic 
factor is provided If this is not done, death is the result 

Actually, pernicious anemia may be treated in two ways (i) The patient 
may be fed beef liver or pork liver (or liver extract) in which the antianemic 
factor is stored The factor can move directly to the intestine without any 
further action and there pass into the blood stream (2) Sometimes 
desiccated hog stomach may be given This contains the intrinsic factor 
which, in order to be effective, must have the extrinsic factor present in the 
diet at the same time The two then react to produce the antianemic 
factor 

Another type of anemia is that produced by the action of toxic substances, 
such as lead and benzol, or bv X rays or Tadium These function to depress 
the activity of the regions forming red cells so that the normal number of 
cells are not produced even though a sufficient supply of antianemic factor 
is at hand 

Still another type is splenic anemia in which the spleen cells, ordinarily 
attacking only old red cells now destroy young red cells also 

Secondary anemia is usually not so serious as pernicious, once the con 
ditions producing it have been analyzed It may occur as the result of 
several factors, such as (1) a diet deficient m extrinsic factor ( nutritional ), 
(2) a diet deficient in iron (nutritional), and (3) hemorrhages, especially 
those of a Slow, but prolonged type Proper treatment for these conditions 
is obvious Tor extrinsic factor deficiency, a suitable diet is prescribed 
Tor iron deficicncv, ferrous carbonate or sulfate, along with minute quantities 
of copper and cobalt, is given Tor anemia caused by hemorrhage, the 
same dietary factors are needed with the addition of rest In severe cases, 
one must resort to transfusion 
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Gradnohl, R B H , Clinical Laboratory Methods and Diagnosis, 4th cd (St 
Louis Mosby, 1948), sol I, eh 4 Procedures for examination of blood 
cells 

I laden, R L , Principles of Hematology (Philadelphia Lea and I ebiger, 1940) 
Blood examination 
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Blood Volume and Problems in 
Transfusion 


CHANGES IN BLOOD VOLUME 

Under normal conditions, the blood volume tends to remain constant 
Fluid that may have a tendency to collect in the blood stream soon passes 
out by way of the excretory organs — the kidneys, skin, and lungs Some 
times however, this equilibrium is disrupted and, as a result, the blood 
volume may show a decrease under some conditions, or an increase under 
others 

An increase in the volume of the blood may be established in two ways 
(1) by constriction of the spleen and other blood reservoirs, and (2) by 
diffusion of water from tissue fluid into the blood 

An increase in blood volume , evidently caused both by constriction of 
the spleen and by water diffusion from the tissues, occurs when environ 
mental temperatures are high However, increase in blood volume during 
exercise or emotional excitement appears to be the result only of the con 
stnction of the spleen 

A decrease in the volume of the blood may be brought about by 
(1) hemorrhage, (2) decrease in red cell formation (anemia), (3) traumatic 
shock (loss of plasma), and (4) loss of blood water (anhydrenua) * 

THE EFFECTS OF HEMORRHAGE 

Naturally, the effects of hemorrhage on the body depend upon the amount 
of blood lost If the loss is more than 30 to 33 per cent of the total blood 
volume, the body cannot compensate for this decrease rapidlv enough and 
the person affected may die unless transfusion is undertaken If less than 
this amount is lost, a healths individual usmllv can compensate for it by 
the action of certain adjustivc mechanisms m the bodv that arc brought 
into pits immcdiatelv The blood volume may then be returned to normal 
in a relatively short period of time bv the diffusion of tissue fluid into the 
blood However, this results in a dilution of the blood so that the number 
of crvthrocvtcs per unit volume is reduced Urns a much longer time 
is required for the Ted blood cell count to be restored to nortnil Tor 
300 



BLOOD VOLUME AND PROBLEMS IN TRANSFUSION 301 

example, if 500 cc of blood arc lost, the volume is restored in about one 
hour, whereas it takes several weeks for the red blood cells to be replaced 
The mechanisms that aid m restoration of blood loss include (1) a decrease 
in the capacity of the circulators svstem by vasoconstriction, (2) a constric 
tion of the spleen, (5) the diffusion of tissue fluids into the vessels, and 
(4) a more rapid formation of red cells 

REPLACEMENT OF LOST BLOOD 

Today, transfusions arc an almost commonplace method of replacing 
lost blood The advances in our knowledge concerning proper procedure 
for transfusions, made since World War I, have been phenomenal This 
knowledge has been directly responsible for saving innumerable lives 
However, it has not been so very long (the earl) part of this century) since 
attempted treatment bv transfusion was alvvavs hazardous and, in many 
cases, fatal 

Because of the rapid coagulation of blood when it comes in contact 
with foreign objects, some of the very earl} attempts at restoration of lost 
blood depended upon defibrination (the removal of fibrin to prevent 
coagulation), which consists of whipping the blood with broom straws or the 
like during the clotting process The fibrin collects on the straws and the 
excess thrombin remains in the fluid Hence, blood obtained by this 
method always contains thrombin Since thrombin is directly responsible 
for the formation of fibrin (the clot), it is obvious that this blood if injected 
into the circulatory system of an individual might produce sufficient clotting 
m the vessels to be immediately fatal When it was finally realized that 
this method was always hazardous (as was the earlier method of transfusing 
into man, the blood of other animals such as the dog or horse) it was dis 
continued in favor of a more direct method Tins consisted of bringing a 
vein (opened and cannulated) of the recipient into direct communication 
with a vein of the donor During World War I it was found that by 
coating needles syringes, and containers with paraffin or oil, clotting 
occurred much more slowly We know now that any surface that the blood 
does not wet (that is cling to readily) is not conducive to disintegration 
of blood platelets which process as w e shall see may initiate the process of 
blood clotting However, other hazards became evident for example, this 
method proved to be an excellent way to transmit diseases to either recipient 
or donor 

In many cases the blood loss is not so great that whole blood transfusion is 
necessary Physiological saline solutions can be injected, especiallv if the 
lowered blood volume is due chiefly to a dehydration or loss of blood water 
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Gum solutions were used with evident success during World War I A 6 
per cent solution of gum acacia proved to be especially beneficial since it 
simulated the viscosity as well as the osmotic concentration of blood plasma 
Also the molecules of gum acacia do not escape through the capillary mem 
brane so readily as do those of saline solutions 

In World War II patients receiving transfusions at the front, where 
whole blood transfusion was urtually impossible, were injected with dried 
plasma dissolved in sterile water This was a great step forward, especiall) 
for those whose injuries were so severe that they could not be moved without 
emergency treatment 

Whole blood transfusion is, or course the most desirable treatment for 
serious cases and whenever possible it should be used for conditions such as 
severe hemorrhage and wound shock The red cells of transfused blood 
survive and, since their average life may be as long as that of the red cells 
of the recipient s blood carry out their functions for many days 

METHODS FOR PRESERVING BLOOD 

There are many methods of preserving blood in the fluid state Some of 
these are (1) by defibrination or whipping which has already been men 
tioned (2) by cooling to o degrees C which retards clotting and preserves 
the platelets (3) bj removing calcium 10ns by adding sodium citrate (cal 
cium citrate does not dissociate sufficiently into 10ns) or sodium oxalate 
which precipitates the calcium, (4) by preserving the blood in vessels the 
surfaces of which it does not wet, such as beakers coated with paraffin, (5) 
by the addition of heparin which is an antiprothrombin and thus prevents 
the process of coagulation (6) by the addition of hirudin produced b) 
leeches or similar substances that prevent clotting and (7) by the addition 
of a suitable concentration of salts such as magnesium sulfate Only a fe" 
of these methods can be used for preserving blood to be used for transfusion 
Blood preserved b) cooling b) coating the container, or by removal of cal 
cium 10ns is most satisfactory at least it is more satisfactory than that pre 
served bj the other methods mentioned here Blood obtained by methods 
number (1) and (7) could not be used for transfusion 

BLOOD GROUPS 

Although the classification of blood groups is comparativch new to $ci 
ence, it was realized even before the earl) dajs of the dircct-commumcation 
method of blood transfusion that the blood of one human was not always 
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compatible w ith that of another Upon examination, it was soon discovered 
that incompatible bloods when mixed always resulted in agglutination or 
clumping of the cr) throe) tcs This is dangerous in transfusion, especiall) 
if the agglutination is pronounced, the clumps of corpuscles will cause block 
age in the smaller blood \esscls after which the) ma) hemolyze and cause 
the formation of a clot This same reaction follow's the mixing of blood 
from one species of animal with that of another 

As a result of the work of several imestigators in the first few vears of this 
centur) (notabl) that of Landstcmer, Jansk), and Moss), it was established 
that the blood of humans can be classified as falling into one of four main 
groups, according to its agglutinating reaction 

It has been found that there are in human plasma substances knowai as 
agglutinins with the abihtv to act on the red cells of other individuals and 
cause them to clump The red cells, in order to be susceptible to the effect 
of the agglutinins, must contain agglutinogens which are acted upon by the 
agglutinins 

Two agglutinogens and two agglutinins have been postulated The two 
agglutinogens are referred to as A and B Thus, in humans there are four 
types of blood in one we find er)throcytes with A tvpe agglutinogen, in 
another, B tvpe, another, both A and B, and still another with neither type 
'Hie Wood is classified as falling into one of these four groups (Table 9) 
The two types of agglutinins have been labeled, alpha (a) and beta (/?) 


TABLE 9 

Classification of Blood Groups 


DESIGNATION OF CROUPS 

Jansky Moss Landstemer 

( International ) 

Agglutinogen 
in the Cells 

Agglutinin 
in the Scrum 

I 

IV 

O 

— 

a and p 

It 

II 

\ 

A 

P 

III 

III 

B 

B 

a 

IV 

I 

AB 

A and B 

— 


These react with A and B agglutinogens respectiv el} Therefore, individ 
uals with A agglutinogens in their red cells could not have alpha agglutinins 
in their plasma These two components are incompatible and cannot re 
main together in the same blood It is obv 1011s, then that individuals with 
A tvpe blood must have beta agglutinins in their plasma Likewise, in 
dividuals with corpuscles containing B agglutinogens, must have alpha 
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agglutinins in their plasma one with A and B agglutinogens could have 
neither alpha nor beta since the former is incompatible with A and the latter 
with B and one with O agglutinogens contains both alpha and beta in the 
plasma since it has been shown bj tests that serum from O blood causes 
agglutination of all other types of corpuscles 
At present the international designation is used almost universally The 
earlier classifications of Janshj and Moss which differed in their types I 
and IV aroused much confusion The international is superior to the others 
in that we know the type of agglutinogen (and agglutinin) present b) the 
symbols 

The student should keep m mmd the fact that in blood transfusions the 
quantity of blood donated is usually small compared to the volume of the 
recipients blood Therefore although the cells of the donated blood are 
exposed to the full effect of the agglutinins in the recipient s plasma the 
recipient s cells are not affected greatly by the donor s plasma Normally 
the donor s plasma is diluted so rapidly in the blood stream of the recipient 
that it does not affect the eqthroqtes of the recipient In some cases if 
the transfusion is given too fast the donors blood is not greatly diluted at 
once and thus some of the recipient s cells may be agglutinated Another 
factor to be considered is the original concentration of agglutmm in the 
donor s plasma If this is too great then the dilution will be less and thus 
the agglutinin ma> act on the recipient s cells 
The erythroq tes of persons with type O blood are not agglutinated by 
contact with the plasma of any other type Thq do not hav e any agglutino- 
gens in them and therefore the agglutinins of the other types cannot 
act on these cells Tor this reason such persons are called universal donors 
But the plasma of the O type blood has both alpha and beta agglutinins in 
it If the transfusion is not given too rapidly and if the agglutinins are 
not in too great a concentration they will not cause clumping of the 
recipients cijthroqtcs However the safest procedure would be to give 
to the recipient the same tvpc of blood as his ow n 
Persons with type AB blood have at tunes been referred to as universal 
recipients because they maj accept for transfusion blood from an) of the 
other groups as well as their own Tins is possible because there arc no 
agglutinins in AB blood and the recipient s corpuscles arc not acted upon 
since the donors plasma is diluted too greath during transfusion to be 
effective However the term universal recipient is dangcrousl) mislead 
mg Tor example if the donor belongs to group O the recipients (AB) 
cells have a double chance of becoming agglutinated since both agglutinins 
arc present in O tvpc blood 
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METHOD FOR DETERMINING BLOOD GROUPS 

The method used for determining blood groups is rather simple and 
is best described in the accompanjmg figure Blood sera * from A type 
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and B tv pc bloods are obtained and a drop of each added to a glass slide 
The unknown blood specimen to be tested is diluted as suggested and a 


StfBfti Strum 



small drop added to each of the drops 
of sera If the corpuscles are not ag 
ghitmatcd bv either sen, the unknown 
belongs to group O if thev arc aggluti 
inted b\ the A scrum but not the B, it 



belongs to group B if thev arc nggluti 
ruted by B but not A it belongs to 
group A and if thev ire agglutinated b\ 
both sen it belongs to group AB 
The agglutination mav be seen with 
the inked eve if the drops of sen and 
corpuscles arc large enough othcrw isc it 
can be detected with the aid of i mi 



croscopc Hie clumping usuallj oc- 
curs uitlmi i few numitcs but some- 
times the reaction may t3kc 15 to 20 
min 
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in the other The manner in which groups may be inherited is illustrated 
m Figure 193 in which a person with group B{BO) blood is crossed with 
one of group O The offspring will be half recessive, or O tjpe, and half 
mixed B type 


FEMALE 
Blood Group 
8(00) 



FIGURE 193 

Illustrating the inheritance 
of blood groups in man 
A mixed Ft ( BO ) t\pe 
crossed with in O tvpc re 
stilts in offspring half of 
which arc mixed B(BO) 
>nd the other half O 
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LEGAL ASPECTS OF BLOOD GROUPING 

Information gained on the subject of blood grouping may be used in 
investigations of disputed paternity However, one can only prove that a 
particular suspect is not the father of the child never that he is the father 
The child receives one of the three possible blood group genes from 
each parent A parent with O type blood can supply only a gene for O 
tvpe a parent vv ith A blood may supply either A genes or O genes one with 
B blood mav supply either B or O genes and one with AB blood may 
supply either A or B The possible combinations are presented in Table 
11 


TABLE 11 


Inherited Comb notion of Blood Groups 


Child s Blood 
Group 

Parents 
Cave It — 

If Mother s Blood Is — 

Father s Blood Could 

Not Haie Been — 

O 

OxO 

O A orB 

(could not have been AB) 

AB 

A 

A X \ 

B 

BorO 


or 

AxO 

(would have to be BO) 
orO 

B 

B X B 

A 

AorO 


BxO 

(wo ltd 1 avc to be AO) 
orO 

AB 

\X B 

\ B orAB 

(could not have been O) 

O 


HEMOLYSIS 

The phenomenon hnown as licmohsis is the freeing of hemoglobin hi 
the disintegration of the red blood cells 

It Ins been pointed out that if whole blood is mixed with distilled water 
there is considerable change m osmotic pressure Water flows into the 
blood cells causing them to swell until thc\ burst and lose their hemoglobin 
This is called hemolyiv, 

lhcre arc nnm means In which licmohsis mas be induced and a few 
of them will be considered m some detail 

t / 1) pofomc solutions arc \ crj effective Them throe} tc contains mite 
rials that cannot pass out of the cell hut on the other hand plasm i Ins mate 
nils that cannot pass in In normal blood the plasma and corpuscles are 
in osmotic equilibrium tint is the plasma is isotonic with the contents ot 
the cn throes tc Thus if the plasma is diluted with distilled svatcr the 
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latter passes through the ervthrocvte membrane as described above There 
is a certain amount of resistance shown bv the ervthrocyte to the diffusion 
pressure produced by this method The normal concentration of substances 
m human blood plasma is equal to about o 94 per cent sodium chloride 
(NaCl) Therefore, any concentration below this becomes hypotonic to 
the erythrocytes which gradualK become more and more swollen as this 
concentration decreases but the} do not burst (hemolyze) until the con 
centration of substances in the outer medium decreases to a \alue equal to 
about o 4 per cent sodium chloride or less 
The permeability of the ervthrocvte membrane is quite different from 
that of the membrane of the blood capillaries We ha\c seen that most of 
the crystalloids and small organic molecules, and e\en some proteins, in 
eluding hemoglobin, will move through the capillary wall The ery throcy tc 
membrane, however, is quite selective’ of the substances that arc allowed 
to pass through it It is impermeable to plasma proteins, hemoglobin, and 
to sodium, potassium, calcium, and magnesium 10ns (Na + , K + , Ca + +, and 
Mg+ + ) It allows water to flow back and forth freely as well as the 
bicarbonate, chloride, and hvdroxvl anions (IIC0 3 -, Cl - , Oil - ) the cation, 
hydrogen (II + ), md organic substances such as urea ammo acids and 
uric acid 

Hypertonic solutions for human blood arc those which have couccntra 
tions equal to or above that of 094 per cent sodium chloride Tlicv have 
the opposite effect of hvpotomc solutions and cause crcnatton of the cor 
pnsclcs as illustrated in I igure 194 

FIGURE 194 

Tlic effects of hvpotomc anti hyper 
tonic solutions on red blood cells 
The hypotonic solution results in 
swelling and hemolysis while the 
hypertonic solution causes crcnalion 
of t lie corpuscles 
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3 Snake and spider venoms and the poisons of some insects evidently 
destroy the cell membrane by their action on the lecithin molecule and in 
this way the hemoglobin is allowed to escape 

4 Bacterial toxins may exert a powerful hemolytic action on the blood 
cells Toxic substances produced by bacteria may have a direct effect on 
the red cells and destroy them The malarial parasite, a protozoan cell 
residing in the erythrocytes during part of its life cycle, causes their destruc 
tion In some cases, the hemolysis produced by these parasites is so great 
that the liver cells cannot take up the escaped hemoglobin rapidly enough 
The hemoglobin then passes into the urine which becomes dark brown 
to almost black, the condition is sometimes referred to as black water fe\er 
The appearance of hemoglobin in the urine is called hemoglobinuria 

5 Specific hemolysins are produced in animals when the blood corpuscles 
of a foreign species are injected into the blood stream This reaction is 
similar to immunological reactions of the body against bacterial invasion 
Tins applies also to the blood streams of animals of the same species whose 
bloods are incompatible For example, if a small quantity of red cells from 
the blood of a person belonging to group A are injected into the veins of 
one belonging to group B, the red cells clump or agglutinate Since onlv 
a few are injected, no great damage is done Hemolysis follows agglutina 
tion as a secondary effect However, if a series of injections is made in the 
manner just described, over a period of several days, it has been found that 
antibodv like substances develop in the plasma causing hemolysis of the 
injected corpuscles immediately, before they have time to agglutinate The 
substance produced in the plasma is called a specific hemolysin because it is 
specific only for those particular erythrocytes 

Rh FACTOR AND ERYTHROBLASTOSIS 

In recent years, many articles have appeared m newspapers and popular 
magazines, as well as in scientific journals, concerning the Rh factor 
Nothing was known about it until 1940, when two investigators (Landstemer 
and Wiener) injected blood from rhesus monkeys into the blood stream of 
rabbits These scientists found that the antibodies (page 320), produced 
m the rabbit blood m response to the injection, caused agglutination of 
the ery throcy tes of the blood of rhesus monkeys The serum or plasma was 
said to have produced an antirhesus factor On the other hand, the 
ery throes tes from the monkey were said to possess the rhesus or Rh factor 
Tins action, of course, was to be expected from our knowledge of processes 
of immunization However, it was discovered that when the ervthrocvtcs 
from human blood were added to the antirhesus serum, agglutination oc 
curred in 85 per cent of the indtv iduals of the white race, in 93 5 per cent ot 
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Negroes, and in about 98 per cent of Japanese and Chinese In other words 
the erythrocytes of these individuals contained the same substance as the 
erythroc)tes of the rhesus monkey, the Rh factor These individuals are 
said to be Rh positive, while the remaining 15 per cent of the white race, 
4 5 per cent of Negroes, and 2 per cent of Chinese and Japanese are Rh 
negatn e, their ervthrocjtes are not agglutinated by the treated rabbit serum 
because they do not ha\e the agglutinable factor in their blood 
These factors are inherited and follow the Mendelian Law The Rh 
positive (Rh + ) factor is dominant, the Rh negatne (Rh~ or rh) factor 1$ 
recessive Therefore, if both should be present in the chromosomes of the 
cells of humans, the dominant factor would stand out Thus, the offspring 
of an Rh negatne mother and a pure Rh positive father are all Rh positive 
(Figure 195) 

rEUALe MALE 



All Oftw* A.* 


FIGURE 195 

llie mhctitancr of Rh factot in o'fjpmu; of an Rh nce-itnr 
mother six! an Rh pcnitnc father 
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The discovery of the existence of an Rh factor led to an understanding 
of at least two problems that had baffled physicians and physiologists for 
manj years One was the fact that although the majority of blood trans 
fusions were successful when blood of the same group as the recipient was 
donated occasional senous mishaps occurred It is now obvious that the 
bloods of two persons belonging to the same blood group are compatible 
onl\ if they are both Rh positiv e or both Rh negativ e The effects of mixing 
the bloods of two individuals one Rh positive and the other Rh negative 
are most serious if a second or third transfusion is made If the blood of an 
Rh positne mdnidual is transfused into that of an Rh negative lndnidual 
antibodies for Rh positive erythrocytes are formed and released into the 
plasma of the Rh negative blood These antibodies agglutinate and 
iicmolvze the erythrocytes of the Rh positive individual The agglutinins 
remain and have much greater effect if a second and a still greater effect if a 
third transfusion is made 

The other condition that puzzled physicians was that known as 
erythroblastosis fetalis which is a hemolytic reaction of the unborn or 
newborn child It is characterized by jaundice edema and anemia and is 
fTcqucntlv fatal Before our present understanding of the Rh problem was 
reached the cause of this condition was not known 

\\c now know that the condition may appear in the children of an 
Rh negative mother and an Rh positive father although its appearance is 
not as frequent as might be expected It is claimed that the combination 
of an Rh negative mother and an Rh positive child (Figure ig>) occurs 
m one in cv cry ten pregnancies although only one pregnancy in about 400 
results 111 erv tluoblastosis 

The appearance of erv tluoblastosis is subject to the following sequence of 
events 

1 Rh agglutinogens (antigens) found in the crythrocvtcs from an 
Rh positive fetus pass into the blood stream of the Rh negative mother 
11ns can happen only if some defect or break occurs m the placental 
circulation so that erv throes tes of the fetus can pass through into the 
mother s blood stream 

2 In the tissues of the Rh negative mothcT the Rh positive agglutinogens 
in the erv throes tes initiate the formation of antibodies or agglutinins (tm 
mumzing reaction) which arc released into the blood stream and cause 
jgglutmation and hemolysis of the Rh positive cn tluocv tes 

5 The agglutinins convene to the action of agglutinogens can pass 
through the placental membranes and thus they soon diffuse into the 
Rh positive blood of the fetus 
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4 Here they react with the Rh positive erythrocytes and produce the 
hemolytic reaction of the unborn or newborn child 
Today most of these children may be saved by immediately transfusing 
Rh negative blood (which has not been sensitized to Rh positive) into their 
circulatory systems Rh positive blood cannot be used for this transfusion 
since the agglutinins already present in the infant’s blood would destroy it 
as rapidly as it entered 
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T he Spleen, Leucocytes, 
Blood Coagulation 


THE SPLEEN AND ITS FUNCTIONS 

The spleen lies just beneath the stomach on the left side of the body It 
i well supplied with large colorless cells responsible for the destruction of 
the old worn out erythrocytes It has a very rich supply of blood earned, 
b\ arteries that empty for the most part directly into the spaces or sinuses 
comprising the greater part of the spleen The blood then collects in veins 
leading from the spaces and is earned back to the general circulation 
The spleen has four recognized functions (1) It is a reservoir for 
erythrocytes stored in the spleen until such a time as thev are needed (2) 
It is sometimes referred to as the graveyard of the red cells because of 
their destruction by the large colorless cells of the spleen (3) It produces 
kmphocytes (4) It has a temporary role in the fetus in the formation of 
cn throcytes 

THE SPLEEN AS A RESERVOIR FOR ERYTHROCYTE5 
The English physiologist Barcroft when he and his party were traveling 
to the Peruvian Andes for the purpose of making studies on acclimatization 
to high altitudes accidentally discovered that the spleen is a reservoir for 
cn throcytes During the vovage many blood tests were made upon the 
various members of the expedition They noted that as the\ neared the 
tropics the blood volume and hemoglobin concentration of each mdiwdual 
increased but after thev again reached more temperate regions the blood 
\olumc and hemoglobin returned to normal Barcroft concluded that the 
increase m volume was owing to an increase in number of red cells winch 
had been released by some (at the time unknown) reservoir in the circula 
tory sv stem The spleen was of course suspected and subsequent in 
vcstigations have borne out the correctness of these suspicions 
The contraction of the spleen is evidently initiated by svmpathctic stiniu 
lation T he organ contains about 5 per cent of the total blood supph 
which during periods of stress is made available to the mammalian bodv 
by contraction I lie smooth muscles contract forcing the concentrated 
314 
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red cells out of the splenic sinuses or cavities This also occurs when the 
temperature is increased (as mentioned earlier) and during lowered blood 
pressure, exercise, and anoxia (oxygen deficiency m tissues) In other 



FIGURE 196 

Constriction of dog spleen 


words the spleen of mammals functions in this manner during emergencies 
of the sort mentioned 


ERYTHROCYTE DESTRUCTION IN THE SPLEEN 
The large colorless cells called macrophages, which line the cavities 
or sinuses of the spleen are amoeboid m their movement, and have a part 
in the remov al of disintegrated erj throe) tes from the blood stream When 
the\ ingest and digest broken down red cells these macrophages selcctivelv 
take up iron and globin from the hemoglobin, most of which can be used 
again b) the cells of the blood forming regions The remaining portion 
of the hemoglobin molecule, hematin minus iron, is released into the blood 
stream and it is excreted from the bodv as bile pigment b) way of the liver 
and gall bladder 


THE RETICULO ENDOTHELIAL SYSTEM 

There arc two general t)pes of phagocytes (eating cells) in the bodv, the 
microphagcs (small caters) and the macrophages (large eaters) which 
comprise the rcticulo endothelial svstem Their differences were first noted 
b) Mctschmkoff (1887) who was 3 lso the first to emphasize the importance 
of Icucocvtes as bodv defenders against the inroads of disease-producing 
bactcrn 

The microphagcs include the leucocvtcs of the circulating blood whereas 
the macrophages much larger than the microphagcs having long oval 
nuclei occur clncflv in other tissues The macrophages arc cspccialh 
abundant in connective tissue, hver, spleen Ivmph nodes and bone marrow 
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they line the blood capillaries where they form a network, or reticulum All 
of these large colorless cells form a part of the rcticulo endothelial system 
Tire macrophage cells evidently carry on several functions (1) In the liver 
and spleen they engulf and destroy old worn out erythrocytes as already 
noted (2) Others take care of any particulate matter that they contact 
in the blood stream (3) They may become motile and play a very active 
role in the repair of tissues (4) They have a great deal to do with the 
mechanism of immunization 


THE COLORLESS CORPUSCLES OR LEUCOCYTES 
The term leucocyte means white cell and includes all the colorless or 
white corpuscles m the body Cells similar to the leucocvtes of our blood 
stream are found throughout the animal kingdom Even sponges ha\c 
wandering cells that move about in an amoeboid fashion as do those of 
other small invertebrate species The functions of these cells m the lower 
forms varj — some of them are excretory, some bring food into the sjstem of 
an organism others are concerned with regeneration tissue repair, and im 
munization processes In the human body thej are far less numerotr than 
crythrocvtes but nevertheless, plaj a verj important part in maintaining 
normal bodil) function There arc, on the a\ erage, about 6000 to 10 000 
leucocjtes per cubic millimeter of blood in the normal individual This 
figure ma\ increase tenfold or more under certain pathological conditions 
The> increase also during exercise sometimes up to 35 000 per cubic nulh 
meter The length of life of the leucocyte is not known but has been 
calculated to be as great as twenty one dajs 

When viewed under the high power of the microscope, they appear as 
small, nucleated cells that exhibit an amoeboid type of movement Some 
times if lcucocjtes arc examined in capillaries near the surface the} maj he 
seen migrating through the capillar} wall Evidently the) force their was 
through the capillar} wall at points where the cells making up the wall conic 
in contact with one another This is called dtapedesis In this manner 



FIGURE 197 

Diapcdesis or the movement 
of leucocytes from the cap 
larj into the tissue spaces 
1 a 3 -i and 5— successive 
mo\ ements of leucocyte* 
through the cipillai) wall 


the} get out into the tissues and make their way to an infected area where 
thev can attack the bacteria thus perhaps, warding off deeper infections 
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CLASSIFICATION OF THE LEUCOCYTES 
The colorless corpuscles or leucocytes may be classified as follows: 

a Neutrophils 

1 Polymorphonuclear, b Eosinophils 

c Basophils 

2 Lymphocytes 

3 Monocytes 

Sometimes the polymorphs are grouped together as granulocytes and the 
lymphocytes and monocytes, as agranulocytes 



tymphocyl* Monoeyt. 


FIGURE 198 

Sketches of different t\pcs of leucocytes and platelets 

All of the polymorphs arc produced m the red bone marrow They make 
up 68 to 75 per cent of the leucocytes, by far the greater number of these 
being the neutrophils winch constitute6^ to 70 per cent of the total Icucocstc 
count The neutrophils hue been gi\cn their name because of their rather 
small cs topi asm ic granules, which arc not stained b\ cither basic or acidic 
stains, but by neutral stains, such as neutral red Neutrophils arc about 
10 to' 15 microns in dimeter when assuming a spherical shape and their 
nuclei arc two-, three, or fourlobcd These Icucoatcs phy a highlv mi 
portant role as defenders of the bods against bacteria Pus is made up 
elueflv of hung and dead neutrophils along with other debris 

The eosinophils constitute onK about 3 to 4 per cent of the total count 
Thc\ resemble the neutrophils except that their granules arc large and will 
stain with an acid dye. such as cosin Thc\ arc also 10 to 1; microns in 
diameter and their nuclei arc almost ahvavs bilobcd An increase of 
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eosinophils occurs in certain diseases such as various bronchial and skin 
infections parasitism and asthma The manner in which they function 
is rather obscure 

Approximately y to 1 per cent of the leucocytes are basophils which are 
about the same size as the other pol) morphs they also have lobed nuclei 
and the coarse granules are stained bj basic dyes 
The lymphocytes are formed in the lymphoid tissue found in the lymph 
nodes spleen adenoids and tonsils The) are the smallest of the colorless 
blood cells their function is still unknown The) do not ingest particulate 
matter or bacteria as do other leucocytes It has been suggested that they 
mav aid in tissue repair and in fat absorption perhaps they play a role m 
the formation of antibodies They seem to accumulate in tissues in great 
numbers during later stages of inflammation they also collect around can 
cerous lesions and other degenerative tissue Their length of life may be 
ver) short it has been suggested to be as less than twenty four hours 
Monocjtes arc sometimes referred to as mast cells Thes arc wandering 
cells somewhat similar to the macrophage cells of the reticulo endothelial 
tissue and probabl) arise from them Monoqtes are phagocytic in that 
thc\ will engulf bictcna but the) take up other particulate materials as 
well also the) maj produce protcohtic enzunes 
An) increase in the number of colorless corpuscles above 10000 per 
cubic millimeter is called leucocytosis and as mentioned presiousl) tin* 
condition occurs during exercise m infections where the lcucoc\tcs some 
times number o\cr 100000 per cubic millimeter during pregnane) and 
follow mg a hemorrhage Leukemia (sometimes called cancer of the blood) 
is a condition in which the number of leucocvtcs mas rise to as high as 
250000 per cubic millimeter with man) immature cells also found in the 
blood stream Ancmn is associated with this condition 
Am decrease of these corpuscles below the normal minimal number 
of 5 coo per cubic millimeter is called leucopcma In some eases the count 
tni\ become so dangcrousl) low that the bodv is umblc to defend itself 
Poor nutrition diabetes influenza and certain drugs m3\ bring about this 
condition 


THE DEFENSIVE MECHANISM OF THE BLOOD 
The blood Ins sc\cnl mechanisms for defending the beds against invading 
organisms Vcr\ few microorganisms can penetrate the normal epithelium 
iwl mucous membranes lining the ahmentan tnct nasal casih and 
respirators structures Tor that reason these tissues arc called the first Unc 
of defeme igaimt infection 
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processes may take five to eight da>s or more before their products can out 
weigh the effects of the toxins This period during which the balance 
is finalh w eighted in fa\ or of the antibodies is often called the crisis 
Any foreign proteins that may get into the blood stream are referred to 
as antigens since they cause the reticulo endothelial cells to produce anti 
bodies which prevent further action of the antigen The antibodies pro 
duccd bv the action of any antigen on the reticulo endothelial cells arc 
specific for that antigen only Therefore, we must inoculate or vaccinate 
against each specific disease no vaccine will immunize against an\ disease 
entitv except the one for which it was produced 
Todav many of the most deadly diseases of mankind have been con 
quered bv artificiallv immunizing persons against these diseases Tins mav 
be done bv actually injecting a small quantity of antigen or toxin (the 
bacteria having been killed) which stimulates the reticulo endothelial cells 
to produce antibodies winch counteract the effect of the disease As a 
result the danger of infection is greatly minimized or complctelv removed 
Sometimes a person contracts a disease such as diphtheria before he cm 
be inoculated against it T hen the physician injects antitoxin (antibodies) 
alrcadv preformed m horse serum The antitoxin is produced by injecting 
the horse with toxins which stimulate the formation of antitoxin Some 
of the blood of the horse is then drawn off the scrum is removed and used 
for inoculation Tor some diseases immunity is more lasting than for 
others Hus tvpc of treatment and immunization (cspcciallv of children) 
has reduced the fatalities from diphtheria from 50 per cent, in the 
vcais before such treatment was known to about 2 per cent at the present 
time 


BLOOD PLATELETS 

The blood platelets or thrombocytes arc the smallest corpuscles in the 
blood measuring 2 to 3 microns in diameter Tlicv arc round or ova! 
disc shaped cells without nuclei but containing granules They form 
fragments from the large mnltmuclcatcd cells megakaryocytes of the red 
bone marrow Ilicrt arc about 250 coo to 400 000 platelets per cubic milh 
meter of blood 

llicir outstanding characteristic is the npiditv with which tlicv disinte- 
grate once tlicv come in contact with a foreign surface Within a few 
seconds after blood is shed the platelets clump together or agglutinate and 
then break up releasing their contents to the plasma The clumping of the 
platelets mav be a means of blocking the outflow of blood when small 
arterioles or venules arc injured At am rate it is comparable to the minuet 
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m which body fluids are protected from loss in many of the lower animals 
by the thrombocvtes m their circulatory systems 
Thromboplastin or cephalin is one of the constituents of the blood plate 
lets which initiates the process of coagulation or clotting This substance 
is also present in other tissue cells and is released when the tissues are cut 
or lacerated Therefore, if blood is drawn carefully into clean containers 
so that it does not come in contact with the tissue cells and if the blood 
platelets do not disintegrate immediately (for example by oiling surface of 
container), coagulation will take place verv slowly The role of blood 
platelets m clotting is further confirmed upon observing the blood of birds 
or fishes having no blood platelets If the blood from these animals is 
carefully drawm into a beaker or other container so that it does not contact 
the injured tissue cells it does not coagulate It can be made to coagulate 
however if it is brought into contact with injured tissue cells or if some 
blood platelets are put into it 
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If freshly drawn blood on a glass slide is observed under the microscope 
it is found that the clotting is due to the formation of fine threadlike struc 
tures running in all directions and becoming a network in which most of the 
formed elements (blood cells) are enmeshed The erythrocytes and 
leucocy tes have no acti\ e function in the clotting, it is a process dependent 
chieflv on substances found in the plasma However, these cells do add 
to the bulk of the clot that is formed 

The microscopic threads are made up of a substance called fibrin, an 
insoluble protein produced by the action of two other substances, fibrinogen 
a soluble plasma protein and thrombin, also a protein, appearing in the 
plasma only after the coagulation process has begun The fibrin threads are 
the materials that are removed when blood is whipped with broom straws to 
which the threads adhere 

Thrombin does not exist normally in the circulating blood, it, therefore 
must have a precursor that is soluble and does not interfere with the usual 
flow of the blood Such a precursor, called prothrombin, has been found m 
the plasma Prothrombin is changed to thrombin in the presence of cal 
cium and thromboplastin 


COAGULATION TIME 

The rate of coagulation vanes considerably in different individuals 
there being many factors affecting clotting time Therefore, these factors 
must be controlled if comparable results are to be obtained in research con 
ccmed with this phenomenon The most important of these factors are 
(i) Temperature the increase of which causes a decrease in clotting time 
if the blood is kept at a low temperature, o degrees C , clotting is debyed 
for divs {2) Agitation of the blood hastens clotting careful handling 
prolongs it (3) Unclean apparatus used for obtaining and storing the 
blood results in more rapid destruction of the platelets and hence more npid 
coagulation (4) Increase m calcium ion content of the blood decreases 
clotting time whereas the addition of sodium (or potassium) citrate or 
oxalate prevents it (5) The nief/iod for obtaining blood is important as is 
the manner in which it is obtained Blood drawn directly from a vein docs 
not clot so rapidly as blood obtained bv a skin puncture In case of a skin 
puncture, thromboplastin is released from the tissue cells and gets into the 
blood as it flows bv 

Iliac is a bleeding disease or condition occurring in cattle, occasional!' » 
m winch the blood clots sloulv or fails to clot at all The condition is pro - 
duccd when the cattle feed upon spoiled sweet clover in which there 1* a 
toxic subst mcc called dicormwrm 11ns substance acts to prevent the pro- 
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duction of prothrombm, an important clotting element, m the liver The 
action of dicoumann appears to be ]ust the reverse of the action of vitamin 
K which stimulates prothrombin formation A synthetic substance, called 
dicoumarol, which has an action similar to dicoumann, is sometimes used 
orally in human cases of threatened thrombosis , or clotting within the blood 
vessels, in order to lower the prothrombin level of the plasma which in 
creases the clotting time Too much dicoumarol m the svstem may be 
dangerous and, m cases of over dosage, since its action is not antagonized 
by vitamin K or any other known substance, the onlv recourse is blood trans 
fusion 



FIGURE 201 

Howell 5 theory of blood clotting The 
svmbols represent the sanous reacting 
substances m blood and tissue 


THEORIES OF BLOOD COAGULATION 

According to the thcorv of blood coagulation set forth b\ Howell, there 
is present in blood a substance that normally prevents prothrombin from 
uniting with calcium to form thrombin This substance he called antipro 
thrombin Heparin a material present in liver and other tissues has an 
action similar to antiprotbrombin, but is piobablv not the norma! anticoagu 
lant of the blood It has been thought tint it mav function as a local anti 
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coagulant in small blood vessels, for example. Thromboplastin has a great 
affinity for antiprothrombin and removes it from the field of action. There- 
fore, in order that blood may clot, thromboplastin must be released from 
the tissue cells or blood platelets. This, in turn, frees prothrombin which 
acts with calcium to produce thrombin. The sequence of events is repre- 
sented in the accompanying figure. 

In the postulation of any theory of blood coagulation the presence of 
certain soluble substances normally in the blood is taken into consideration. 
These substances are calcium ions, prothrombin and fibrinogen. The 
soluble thromboplastin or thrombin make their appearance after the platelets 
disintegrate or after the tissue cells are ruptured. 

THROMBOSIS (INTRAVASCULAR CLOTTING) AND EMBOLISM 
The formation of a blood clot in a blood vessel, partially or completely 
closing that vessel, is called thrombosis; and the clot itself is called a throm- 
bus. The blood is protected against this intravascular clotting by the pres- 
ence of antiprothrombin and the absence of thromboplastin in the plasma. 
There are many times, however, during life, when injuries are suffered 
that invoke the crushing of blood vessels. This releases some thrombo- 
plastin, thus causing a clot, or thrombus, to form. This activity is perhaps 
local for the most part, since the thromboplastin is not concentrated 
enough to exert its influence at some distant point in the circulatory system. 

Sometimes a thrombus or a part of it breaks away and is carried bv the 
blood stream to some other part of the circulatory system. It is now referred 
to as an embolus, and the condition as embolism. The portion of the body 
in which an embolus lodges determines how serious its effects may become. 
If it arises from a thrombus produced in the veins, it may be carried to the 
right side of the heart (sec circulation, page 335) and from there by wav of 
the pulmonary arteries to the lungs and may interfere with proper gaseous 
exchange; if it should be formed in the pulmonary veins or the left side of 
the heart, it could obstruct the coronaries or it could be carried to the brain 
and interfere with the normal functioning of some vital center or centers. 

DEFECTIVE CLOTTING OF THE BLOOD 

There arc several conditions found in man which cause defective clotting 
of the blood; that is, the blood cither coagulates slowly or not at all. O nC 
such type of bleeding that may l>c found in both males and females is due 
to a deficiency of vitamin K in the blood stream. Vitamin K is essential for 
prothrombin formation, but sometimes it is not absorbed through the in- 
testinal wall. This is sometimes owing to the absence of bile sails which 
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are necessary for absorption of lipoids, vitamin K, as formed naturally, is a 
lipoid In cases of bile deficiency, water soluble forms of vitamin K may 
be added to the diet, or bile salts may be ingested along with the natural 
vitamins, or vitamin K may be injected into the blood stream Vitamin K 
stimulates the liver cells to produce prothrombin which is one of the es 
sential clotting elements 

Another type of bleeding found in humans whose blood fails to coagulate 
is frequently associated with a decreased number of blood platelets and is 
characterized by the increased permeability of the capillaries so that blood 
may escape into the tissue spaces Removal of the spleen often benefits 
this condition, which is called purpura The number of platelets increases 
after its removal 
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FIGURE 202 

Illustrating the inheritance of hemophilia 

Perhaps the best known of the bleeding or hemorrhagic conditions be 
cause of the pubhcitv tint Ins been given it, is hemophilia Tins is an in 
born disease in which coagulation of the blood is so slow that sometimes 
i mere pinprick mar produce such a severe hemorrhage that the afflicted 
person will die It is an inherited defect that affects onlv males although 
females mav be carriers of the genes for the disease In other words it is 
a sc\ linked inheritance, the gene for hemophilia is cvidcnfh contained 
within the X-chromosomc The disease has appeared frcqucntlv m some 
of the royvl families of I mope because of intermarriage 

\s indicated in Figure 202 onlv men arc bleeders Females who cam 
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the gene for the disease show no evidence, whatever, that the dotting time 
of their blood is anything but normal. Thus, in a cross between a bleeder 
male and a normal female, all the daughters would be carriers, the sons 
normal. If a female carrier is crossed with a normal male, approximately 
half the daughters will be carriers and half the sons, bleeders; the remainder 
of the offspring will be normal. Although it is possible for a female car* 
rier and a “bleeder" male to have a hemophilic daughter, this occurs so 
rarely that it is generally considered that hemophilia does not occur in 
females. 

The gene for hemophilia is a recessive and in a carrier female the one 
chromosome carries the gene for this condition whereas the other carries a 
normal gene, which is dominant and prevents the former from having its 
effect. In the male, however, there is only one X-chromosomc — the 
Y-chromosomc docs not carry either a normal gene or a gene for hemophilia. 
Therefore, if the X-chromosomc contains this gene, there is no other to 
show dominance and the hemophilic gene has its full effect. 

The actual cause of the failure of the blood to clot in persons with hemo- 
philia is not fully understood. Their blood platelets are known to take 
an extremely long time to disintegrate; and they show considerable stabil- 
ity. All of the other substances necessary for coagulation appear to be 
normal Possibly the cause may lie in the plasma of the hemophilic, since 
it lias been found that the platelets of such blood will disintegrate normally if 
they arc placed in normal plasma. 

ADDITIONAL READING 

Nvgaaid, K. K., J/emorr/icjgjc Diseases: Photoelectric Study of Blood Coagu- 
lability (St. Louis, Mosbv, 19^1) A work on blood coagulation, its 
mechanism and influencing factors. 
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Development of a Fluid Circulation in 
Animals 


CIRCULATORY SYSTEM OF INVERTEBRATES 
The lowest torms of invertebrate animals do not need a circulatory sys 
tem However, although nothing is found m the Protozoa resembling such 
a system, many of them have a means of securing and carrying food materials 
as well as oxygen and of getting rid of wastes by a circulation of the water 
surrounding them or bv streaming movements within them For example, 
the Amoeba accomplishes its type of locomotion partlv by inward stream 
ing of its protoplasm which also mixes up dissolved materials including 
gases, and convcvs them to all parts of the cell In Paramecium, food 
vacuoles are carried through the protoplasm bv means of a streaming move 
ment called cvclosis As the organisms move along the food materials 
in them are digested and pass out of the v acuole into the protoplasm Some 
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forms of cihatcs such as Stentor, which attach themselves to various objects 
in ponds produce a circulation of the water surrounding them by co 
ordinated beats of their cilia The currents thus produced in the water 
cur) food materials and fresh supplies of oxvgenated water to the mouth 
opening of the stentor 

The sponges (Ponfera) have great numbers of small pores opening into 
a central cavitv Water enters these pores and is forced out of the large 
osculum b\ the beating of the flagellated (choanocvte) cells that line the 
walls of the cavitv (Figure 33 page 51) An actual pressure is developed 
111 the central cavit) of some sponges and although not ver) high, it mi\ 
reach 4 mm II O pressure The amount of water that passes through some 
sponges m the course of twent) four hours ma\ be very great In some 
species 70 to 80 liters per day have been reported from a single osculum 
Tins is probablv the most primitive type of circulation in any way compara 
blc to the circulation of higher animals The same purpose is accom 
phshed in both types food materials and oxygen arc brought into contact 
with the cells of the bodv and waste products ire carried a wav 

Hie Coelcnlerata have gastrovnscuhr cavities into which fluid contain 
ing food materials passes In llulra (Figure 34 page 52) this is a simple 
sad ike structure in which the water is circulated bv the beating of the flagella 

0 1 ,cc tlls lining the cavity In higher coclcntcntcs such as medusae there 
arc main saccular extensions which cany materials to more distant cells 

1 lie streaming in these canals is well marked 

The Plat\hclminthcs (Planarta for example) have not advanced much 
ur icr t nil some of the higher coclcntcntcs in relation to a circulatory 
system Inc materials arc earned into the cav ity of the worms and wastes 
noun out bv w iv of the same opening In Annelida however, the 


FIGURE 204 

The I earn of an earthworm 
*11 e t*xlv segment % arc n unbend 
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•■wpmtemt lift II... torn „ p.^Inccxt In foe m..cd pillutmc 
vowh which connect the dorsal and vrutra) vessels m the seventh to 
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ele\enth segments inclusive (Figure 204), these pairs are called “hearts” 
and they pulsate in such a way as to send the blood from the dorsal to the 
ventral vessel The blood passes through capillaries in each segment as 
indicated in the figure, those in the shin area tahing up 0x3 gen which dif 
fuses through the shin The earthworm has no special respirator) area 
other than the shin itself 

The vascular s)stem of the Insecta is an open circulation and is rather 
incomplete It consists of a tubular heart which lies in the abdominal 
region and is made up of a series of sachhe chambers which maj \ar) 111 
number Each of these chambers is supplied with a pair of openings, one 


FIGURE 205 

Tlie circulators ssstem of 
tlie grasshopper 

on each side, b> means of which the l)mph enters the heart Generali) 
the last chamber is closed at its posterior end so that the Ivmph can escape 
onlv bv way of the anterior vessel called the aorta which opens in the head 
region Tlie insect circulators svstem ensures a constant flow of Ivmph 
through the body and in this manner functions chicflv as a means of trails 
porting food and excretory materials 

CIRCULATORY SYSTEMS OF VERTEBRATES 
In the primitive chordatc, Ampluoxus, it is difficult to sav whether or not 
a true heart is represented in the circulaton system It depends upon 
the definition of a heart CertainU pumping action is produced In the 
contraction of the ventral vessel This, at least is analogous to the hearts 
of higher vertebrates Ampluoxus has a portal circulation which is not 
found in animals of lower phvla 11ns part of the circulation consists of 
vessels that lead from the intestines to the liver Hie blood in these ves 
scls first passes through the capillirtcs of the intestine which unite to form 
the portal vein The portal vein, in turn, breaks tip into capillaries in the 
liver The liver capillaries unite to form the hcpitic vein which carries 
the blood bad to the ventral aorta 

In fishes, the heart has lost its tme tub ibr structure Although simpler. 
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morphologically, the function of the fish heart is the same as that for the 
hearts of all other classes of vertebrates It is composed of two mam 



chambers, one auricle or atrium and one 
ventricle The veins of the fish heart 
empty into a saclike structure, or cham 
ber, the sinus venosus, which leads di 
rectly into the auricle, another lesser 
chamber, the bulbus arteriosus or conus 
arteriosus, is found between the \entri 
cle and aorta (Figure 206) All four 
chambers have the power to contract 
and do so in proper sequence so that 
the blood flows only in one direction 
The valves between auricle and ventn 


FIGURE 206 

The fish heart it consists of two main 
chambers an auricle and \entncle 


cle and between ventricle and conus ar 
tenosus prev ent a backflow of the blood 
The ventral aorta of the fish gives off 
afferent branches that lead to the gills 


and break up into capillaries, which unite again to form the efferent vessels 
that lead to the dorsal aorta Thus as the blood passes through the gills, it 
becomes oxygenated and loses carbon dioxide 


The amphibian heart consists of a sinus \enosus, two auricles one ventn 
cle and a bulbus arteriosus (Figure 207) 



FIGURE 207 

The frog heart a three 
chi inhered heart consisting 
of two auricles and one ventn 
cle 


Fxccpt for that found in the pulmonary vein leading from the lungs 
the blood of amphibians is never saturated with oxvgcn There is an ar 
rangement, however, bv means of which the p-irhallv oxvgctutcd and fulh 
oxvgcnatcd blood laid to remain separate m the ventricle also, when the 
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ventricle contracts, the first blood to leave is the venous blood which had 
just entered the ventricle from the right auricle Since there is less re 
sistance in the pulmonary arteries than 
in the systemic, the venous blood 
which is forced out of the heart first, 
enters these \ essels and goes, by wav 
of the pulmocutaneous arter) to the 
lungs and shin where it is oxygenated 
In the reptilian heart are found ap- 
proxunatel) the same structures as in 
the amphibian except that a muscular 
septum has formed which tends to 
separate venous and arterial blood and 
the bulbous arteriosus is rudimentary 
This septum completely separates the 
two ventricles in the crocodile, but in 
the low cr reptiles such as snakes lizards, 
and turtles it is incomplete and some of the blood may mix The reptilian 
heart shows the presence of a coronary sjstem which is not true of the hearts 
of amphibians and those of most fishes 
The hearts and circulation of birds and mammals are quite similar so 
that any discussion concerning the one should apply also to the other 

EARLY DISCOVERIES PERTAINING TO HUMAN CIRCULATION 
Ever) high school student and most grade school students todaj have a 
general idea as to how the blood circulates in the bod), but before the in 
vcntion of the microscope and the discovery of capillaries phvsicians and 
scientists did not understand the passage of the blood from arteries to veins 
bv wav of capillaries The capillaries have a diameter of eight to ten 
microns, which is onl> slighth greater than the diameter of the red blood 
cells 

Hippocrates a Greek phvsician who lived about 400 n c , recognized the 
fact that the heart is muscular and that its beating results in the pulsations 
of the blood vessels Aristotle (ibotit 350 bc ), famed for his mans works 
m natural historv, understood the heart to bc the center of the blood 
vessel svstem However, he also suggested that it was the center of in 
tclhgencc, a view that is still earned over to our present time tn the common 
expression to learn a thing bv heart ' 

A Roman phvsicnn, Galen (about 180 a.d ), was the first to prose that 
an arter) contained blood and not air \\ hen a bodv is opened after death 



The reptilian heart a three chambered 
heart which approaches a fourcham 
bered heart in the higher reptiles 
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from arteries to lems through the small tubular structures now called 
capillaries Tins was the final proof of what Harvey had earlier postulated 

ADDITIONAL READING 

Clendemng, L , Source Book of Medical History (New York Hoeber, 1942), 
pp 42-45, 152-169 Galen on the pulse, Hanej on circulation 
Mettler, C C , Hisforj of Medicine (Blakiston, 1947), pp 431-442, 515-524 
Early studies on circulation, work of Harvey and Malpighi 
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most of the blood has settled m the smaller vessels (which are dilated be 
cause of loss of tonus), lcaung the artenes empt), thus arose the carl) con 
ception that the) normallj contained air Galen disproved this bj t)ing 
an artcrj in two places m a living animal and then cutting between the 
ligatures In this vva) he found that blood and not air was present m it 
Galen thought that the blood flowed bach and forth in the vessels in the 
same manner as the ebb and flow of tides, and, because he knew nothing of 
the existence of capillaries, he believed that there were openings in the 
septa separating the two ventricles as well as in those separating the two 
auricles The blood supposed!) passed into the left ventricle and aiinclc 
bv wav of these openings and there mixed with air coming from the lungs 
Of course, in the adult, this is not true but in the ver) carl) embryo there 
is a direct opening between the two ventricles which finally closes in a 
later embrjome stage There is, however, an opening between the two 
auricles of the heart which remains open for a much longer time In fact, 
it docs not close until birth, when the first breath of air is taken This 
is discussed later under fetal circulation (page 336) 

Hie work of Galen, including his ideas of the heart and circulation, was 
used as a basis for medical education until the time of Ilarvc) (i6:S) 
Leonardo da Vinci, who lived between 1^52 and 1519 ajj., was cvidcntl) 
not too far from the discoverv of the circulation as can be seen from some 
of Ins drawings and sketches Cvidcntl) he knew the function of the heart, 
at least he realized that the heart shortens itself during its expulsion of the 
blood ” 
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from arteries to veins through the small tubular structures now called 
capillaries This was the final proof of what Harve) had earlier postulated 

ADDITIONAL READING 

Clendening, L, Source Book of Medical History (New York Hoeber, 1942), 
pp 42-45, 152-169 Galen on the pulse, Hanej on circulation 
Mettler, C C , Hisfor) 0/ Medicine (Blakiston 1947), pp 431-442,515-524 
Early studies on circulation, work of Haney and Malpighi 
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THE HUMAN HEART 

The heart is the pump by means of which the blood is kept moving in 
the blood vessels, so arranged in the bod\ as to make a complete cycle 
possible In other words, the circulation is a closed system, there being 
no openings into the tissues A steady flow of blood continues through 
the capillaries where exchange of materials can be made with the tissue 
fluid by means of diffusion through the capillary wall The heart begins 
beating rhythmically early in embryonic life and continues until death 
Thus, during an average lifetime of sixty five to seventy years, the amount 
of blood passing through the heart is enormous If we consider only the 
heart iate while the body is at rest (70 to 90 beats per minute), it will con 
tract about 3 billion times and move between 150 million to 200 million 
liters of blood 

The heart is made up of cardiac muscle tissue called the myocardium 
Internally, it is lined with endothelial cells forming a membrane known as 
the endocardium This layer of cells is continuous with the inner lining 
of the arteries and veins and the wall of 
the capillaries The whole structure 
is surrounded by a membranous sac, 
the pericardium , which is actuallv made 
up of two lasers with a cavity between, 
containing the pericardial fluid The 
cavitv is not very large, containing onh 
a few drops of fluid for lubricating the 
walls of the sac 

The Chombert of the Heart 

The human heart, as well as that of 
all other mammals and birds, has four 
chambers These are illustrated ui 
T igurc 209 The two upper chambers, 
into which the veins empty, arc the auricles or atria The large veins, 
the superior icna ca\a, which returns the blood from the head, shoulders, 
334 
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Diagram of a mammalian heart 
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and anus, and the inferior yena cay a which returns it from the trunk and 
lower limbs, empty into the right auricle The four pulmonary veins empty 
into the left auricle 

Contractions of the two auncles, which act simultaneously, aid in pump 
ing the blood into the ventricles There is no need of any great force to 
accomplish this and the ventricles, when the) relax, draw blood down from 
the auncles in a sucking action Evident!) for this reason, the walls of 
the auncles are rather thin and contract somewhat feebl) 

The ventricles have much thicker walls than the auricles, because of the 
greater work they must do in forcing the blood to all parts of the body 

THE PULMONARY AND SYSTEMIC CIRCUITS 

There are two channels by way of which the blood leaves the ventricles, 
the pulmonary artery and the aorta The first is referred to as the pulmonary 
circuit, the latter the systemic circuit The pulmonary artery carries blood 
from the right ventricle to the lungs, whereas the aorta carries the blood to 
smaller channels that reach all other 
parts of the body 

Subdivisions m the systemic circuit 
include the coronary circuit which feeds 
the heart itself and the portal circuit 
which carries blood to the alimentary 
tract, the spleen, the pancreas and the 
liver Within these organs the ar 
tenes of the portal s)stem divide into 
capillaries that unite to form the portal 
vein leading to the In er, and there again 
breaking up into capillaries The he 
patic \ein then carries the blood to the 
inferior yena cay a 

A schema of these circuits and the 
chief parts of the bod) reached by 
them are presented m Figure 210 The 
system ic circuit, as compared with the 
pulmonary, is rather extensive, the 
force needed to cam the blood through 

it is very great The blood pressure in the right ventricle when contracting 
reaches about 30 mm mcrcurv, whereas that in the left vcntncle ma\ 
reach 150 mm or more Tor this reason, the musculature of the right yen 
tricle is not so great as that of the left since the right need onlv pump the 
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blood through the lungs which are close at hand and on the same level as 
the heart 

The blood is forced out of each auricle simultaneously by contraction, 


FIGURE 211 

Section through ventricles of dog heart to illustrate shape of 
ventncles and their comparative thicknesses 

this is true also for the ventricles The contraction phase of the heart is 
referred to as systole, the relaxation and rest periods as diastole 

FETAL CIRCULATION 

The circulation of a developing mammal alters several times during 
pregnancy or gestation in order to accommodate the changes due to growth 
of the embryo and fetus There is a special division of the circulation 
which is necessary in the embryo and fetus because the lungs and the diges 
tive tract cannot function until after birth This division is called the 
umbilical circuit which consists of one umbilical iem carrying blood frcJm 
the placenta to the fetus and two umbilical arteries carrying blood bach to 
the placenta The fetus is entirely dependent upon the mother for its 
owgen and food materials although there is no direct connection between 
the blood stream of mother and fetus It is generally known that this 
transfer of substances is accomplished by diffusion of these materials 
from the uterine capillaries of the mother into the blood sinuses of the 
placenta 

The umbilical vein divides into two branches soon after its entrance into 
the body of the fetus One branch the ductus venosus, enters the portal 
vein just before it reaches the liver, and the other branch unites with the 
inferior vena ca\a From this point of union until it reaches the right 
auricle the vena cava contains a mixture of arterial and venous blood when 
it arrives at the entrance to the auncle it is mixed with additional venous 
blood from the superior vena cava Much of the blood that enters the 
right auncle passes directly through an opening the foramen o\ale, to the 
left auricle Some of the blood goes to the right ventricle and is pumped 
out through the pulmonary artery toward the lungs However, the lungs 
arc not functional at this time and need blood onlv for their general 
metabolism and growth for this reason, most of the blood leaving the 
right ventricle by way of the pulmonarv arterv passes into the aorta bv way 
of a special fetal vessel, the ductus arteriosus Tins structure is only tem 
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porai) and begins to contract when respiration is initiated at the time of 
parturition (childbirth) The lumen of the vessel is slowly obliterated 
so that only a ligament remains when the change is completed The fora 
men o\alc the opening which allows blood to enter the left auncle from 
the right has become very small by the time of birth A tissue membrane 
or flap grows downward over the opening and normally causes complete 
closure toward the end of the first year of life Sometimes how ever, it does 
not close properly 



FIGURE 212 

Diagram of the fetal or 
dilation 


A child suffering from such a defect ne\er has fully owgenatcd blood 
flowing through his svstemic circuit In fact fullv owgenated blood would 
be found only in the pulmonary veins and this blood on reaching the left 
aundfv is mixed with the venous blood which has passed through the 
opening from the right auricle Tor this reason the shin of these children 
mav be bluish thus they are sometimes referred to as blue babies 
If the condition continues the child usmllv dies at an earlv age Todav 
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however the condition is sometimes remedied by a rather difficult operation 
It is clear that the blood of the fetus must pass through more numerous 
and diverse pathways than that of the adult However the vessels in these 
strictly fetal circuits ductus arteriosus foramen ov ale ductus venosus the 
hypogastric arteries and the umbilical artery and veins vanish soon after 
birth although sometimes several days are required for complete disap- 
pearance 

THE VALVES OF THE HEART 

The heart action is that of a mechanical force pump the blood within 
it must be prevented from flowing in more than one direction Tins is 
accomplished by valves which arc located m appropriate positions within 
the heart The valves are shown diagrammatically, in Figure 213 



FIGURE 213 

A the external stricture of tlic 1 cart D \icvv of heart from aboxc with auricles flncl 
arteries nit a va\ 


Starting in the auricles the blood flows through openings into the ventn 
clcs The chambers of the heart open and close in Inrmonv with one 
another so that when the auricles arc contracting and forcing the blood into 
the ventricles the latter arc relaxed and at rest contracting ouU after the 
auricles begin to relax When the ventricles contract the true nature of 
the orifices between them and the auricles is discovered ActualU the 
openings arc valves which open only on relaxation of the ventricles and close 
when thev contract I hese valves ate called the aurieulo-vcntneular valves 
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That on the right side of the heart is sometimes called the tricuspid because 
it has three flaps, that on the left, the mitral or bicuspid 
From the edges of these valves are found cordhke structures ( the chordae 
tendineae) that lead down to the papillary muscles originating m the ven 
tncular walls These structures prevent the valves from being forced up 
ward when the ventricle contracts The force of ventricular systole would 
be great enough to do this if the papillary muscles did not contract at the 
same time as the rest of the ventricle and in this way pull down on the 
valves by means of the tendonlike cords 


FIGURE 214 

Structure of aorta and heart tissue at point of juncture 

The semilunar valves are located between the right ventricle and pul 
monary artery and between the left ventricle and aorta In each case, 
they consist of three flaps at the point where heart and artery join When 
the artery is opened, the flaps observed resemble half moons They form 
pockets, and when the blood is forced through the vessels the semilunar 
valves are flattened by the pressure They are prevented from sticking to 
the walls of the great artenes bj a peculiar distention at the point of 
union with the heart, called the sinus of Valsalva A certain amount of 
blood always remains in these pockets 
The semilunar valves open when the force of the ventricular contrac 
tion is strong enough to produce a pressure greater than that already present 
m the pulmonary artery and aorta They close at v entncular diastole 

THE CARDIAC CYCLE 

As pointed out previously, the heart acts as a pump in a manner similar 
to the rubber bulb of an atomizer, valves arc arranged in both heart and 
itomizer bulb in such a way as to prevent a bickflow 
Each contraction or systole of the heart is followed bv diastole which 
consists of relaxation and rest, all of which constitute the cardiac cycle 
The cardiac cycles of various animals differ, and, as a general rule, it is 
found that the heart ntc varies indirectly with increase in size, especially 
for warmblooded animals Hus is well illustrated in Tables 12 and 13 
Table 12 shows the number of beats per second for some mammals at rest. 
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'I 1 )c heart rate scam to \an indirect!) with increase in si/c Tins is ex 
peeled for it is oln 1011s tint the snnllcr in anmnl the larger, propor 
tiomtch is the surface exposed to the external cmironmcnt Thus there 
is rchtisch much more heat lost in a sen small animal which necessitates 
a higher metatahe rile and, hence, a more rapid blood flow 
In humans the heartbeat vanes in the same manner as in other \s-ami 
blooded animals lint is. the lounger (and smaller) the indmduil. 1 I|C 
more rapid u the rate I hese different rates arc shown in 1 able 14 
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Frequently, it is claimed that, because there is occasionally a slight dif 
ference in the heart rate of the female and the male fetus, it is possible 
to foretell the sex of a child The heart of the female fetus is said to beat 
at the rate of 140 to 145 times per minute and that of the male between 
130 to 135 times However, there are so man) variables, such as muscular 
movement and position that this method is hardl) dependable 
The heartbeat starts in the right auncle near the entrance of the veins 
The two auncles contract practically at the same time Their contractions 
force blood into the ventricles which are relaxed and at rest and will ex 
tend readilv to even slight pressure There is just a small fraction of a 
second betw een the end of auricular systole and the beginning of v entncular 
systole, this is the time during which the impulse passes over the ventncles 
At the beginning of v entncular svstole the aunculo-v entncular valves snap 
shut producing the first heart sound The blood within the chamber 
does not mov e for a small fraction of a second after the beginning of v entncu 
lar contraction This is called the first isometric period The ventricles 



FIGURE 215 

The cardiac cvcle The diagram rcprc 
sent* a cjcle of o S see duration and is 
divided into 8 sections of o i sec each 
The outer circle represents the auricular 
ejele the inner circle the ventricular 
The dark areas represent svstole the lined 
areas relaxation Diastole is relaxation 
and rest 


must contract sufficiently to overcome the pressures still present in the 
pulmonary arterv and aorta respectively, before the blood can flow into 
them The residual pressure of the aorta (that is, the least pressure) is 
about 70 mm mercurv This is considerably greater than that in the 
pulmonary arterv After the blood is ejected (about 60 cc per beat at rest) 
at the height of ventricular contraction the ventricles begin to relax and 
as they do so, the blood in the arteries tends to flow back but some of it 
catches in the flips of the semilunar valves and forces them shut with a 
snap resulting in the second heart sound Again theie is a small fraction 
of a second when no blood flows into or out of the ventricles tins is called 
the second isometric period The ventncles finallv relax sufficient to al 
low the aunculo-v entncular valves to open and the blood which had been 
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collecting in the auricles, then flows into the ventricles This process is 
repeated in humans at the rate of about seventy times per minute when 
the bod) is at rest 

During this time almost all the 5000 to 6000 cc of blood in the bodv 
passes through the heart If the body is active the blood passes through 
it much more rapidly The time relations of the events just described 
are represented in Figure 215 The average time of a complete ejele is 
taken as 08 sec The diagram is divided into eight segments each repre 
senting o 1 sec The outer circle represents the events occurring in the 
auricles, and the inner circle, those occurring in the ventricles It will be 
noted that during much of the time required for the cardiac ejele the 
musculature is at rest This enables the heart to function steadily and 
rh)thrmcall) with little danger of fatigue 

VALVULAR LEAKAGES 

When an) one of the valves fails to close perfectly, a leakage occurs 
Val\ ular leakages arc among the common heart ailments often being present 
in childhood but disappearing as the children grow older 
The seriousness of the effects on the bod) depends upon the valves af 
fcctcd and the degree of the defect If the semilunar valves leak a jet of 
blood is forced back into the ventricles This of course, means that the 
heart docs not pump sufficient blood at each s) stole It compensates for 
this bv enlarging the cardiac muscle increases m size, a condition known 
as h)pcTtwph\ In this wav the heart becomes powerful enough to force 
enough blood out at each beat so that the tissues w ill obtain an adequate 
amount although some blood seeps back into the ventricles 

If the aunculo-ventricubr valves leak the condition is much more serious 
than in the case of semilunar valve leakages The powerful ventricular 
beat will force blood backward through the A V valves and produce such 1 
Ixick pressure in some of the veins that the venules and capillaries leading 
to them mav be damaged Obviousl) if the bicuspid valve leaks the 
capillaries of the lungs arc damaged whereas, if the tricuspid leaks, those 
of vital organs such as the kidncj and hver are injured 

REGULATION OF THE HEARTBEAT 

In most animals the heart continues to beat for var)ing lengths of 
time, even when it is removed from the bod) The heart of 3 vertebrate 
frog or mamma! can be excised and if cm ironmcntal conditions arc f ivom 
blc, go on beating rhv thmicallv for horns Strips of heart can be cut awav 
and still continue to beat In tissue culture, cardiac muscle cells contract 
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rhj thmically although no nervous tissue is present Thus, it appears that 
conditions initiating sj stole anse within the cardiac tissue itself Such 
contractions are said to be myogenic In these cases, then, nerves which 
lead to the heart are not essential for the beat itself, but rather for the 
regulation of the rate of contraction As mentioned m the discussion of 
the autonomic nervous svstem (page 177), the heart rate is regulated 
by means of autonomic nerves Parasympathetic fibers (vagi) are mhibi 
tory, their normal secretion, acetylcholine, is inhibitory to the heart, even 
if the nerves have been severed Sympathetic fibers from the thoracic 
region are stimulatory causing the heart to beat faster, adrenalin has the 
same effect 

On the other hand, if the heart of a crustacean is remov ed from the body, 
or only certain nerves leading to the heart are cut, the heart immediately 
stops beating In this case, then, the nerves furnish the stimulus for con 
traction and the heart is said to be neurogenic It is interesting to note 
that in this type of heart, acetylcholine may have a stimulating effect 

The vertebrate heart cannot be tetamzed (page 65) because of its long 
refractory period, therefore, if impulses come to it too rapidlv some of them 
are ineffective The absolute refractory period (page 65) of the heart lasts 
as long as the contraction and is followed by a relative refractory or sub- 
normal period 


THE FROG HEART 

In the frog heart, the sinus v enosus appears to be the ‘ pacemaker" or the 
place from which the beat originates to spread out first over the auricles and 
then the ventricles If the sinus v enosus is cut avvav, it continues beating 
at its normal rate but the rest of the heart stops for a time and later starts 
again, but at a much slower rate tli3n normal, with the auricles taking 
over the role of pacemaker If a ligature is applied to the frog heart be 
Iwccn the auricles and the ventricle, the former continue beating while 
the latter stops and mav or mav not start beating again If it docs, how 
ever, the rate is cxtrcmclv slow 

It is obvious that a gradient of cxcitabilitv exists over the heart, with the 
sinus v enosus as a pacemaker, for the beat of auricles and ventricles follow 
in unison with tint of the sinus 

THE MAMMALIAN HEART 

In the mammalian heart there is a slight difference m structure from that 
m the frog heart T here is no sacltkc sinus venoms; this organ is present, 
however, as a mdimcntan nodule on the right auricle at the entrance to the 
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veins It is called the smo-auncular (S A) node and is the pacemaker of 
the mammalian heart The node is made up of modified cardiac tissue con 
sishng of cells that have lost most of their striahons 


The conduction wave (impulse) as well as the beat of the heart begins at 
the S A node, although how it is aroused to achvitv is not known The 
heart is most sensitive to temperature changes at this point Increase in 
temperature will increase the frequenev of its discharge whereas converse!) 
the frequency will be lessened with a lowering of the temperatures Im 



pulses over the vagus or sympathetic 
nerves of the heart seem to be most ef 
fective at the S A node, the electrical 
wave, associated with conduction over 
the heart and its contraction, first mak 
ing its appearance here 
The rate of the conduction wave over 
the auricles is about one meter per sec 
ond The impulse spreads ov er the en 
tire auricular mass dow n to the aunculo- 


FIGURE 216 \entncular node From the A V node 


The conduction sjstcm of the heart s P rca ds over the A V bundle (His 
Tavvara bundle) at the rate of about 
n c meters per second In the septum betw cen the v entriclcs the A V bun 
c dmdes into the right and left branches which form within the muscular 
walls a mcslmork of fibers known as Purkinje fibers The conduction wave, 
passing over these fibers, causes the contiguous cardiac muscle cells to con 
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Three standard positions of the lead off electrodes are used for obtaining 
electrocardiograph records (I) one lead fastened to the nght hand, the 
other to the left, (II) one lead to right hand, the other to left leg, (III) one 
lead to left hand, the other to left leg (Figure 217) 

The electrical response differs m its inten 
sity at different points along its course o\er 
the heart In Figure 218 is shown a copr of 
a record made with an electrocardiograph 
and the various derations are lettered 
These letters are merelv symbols and are used 
only for comemence The P ware records 
auricular excitation, it is the expression of 
the impulse flow orcr the auricles The aun 
cles begin to contract before the impulse 
represented b} the P ware ceases The 
QRS ware records ventricular excitation and 
the T wave is the return of the heart to nor FIGURE 217 

mal rest The PR interval is the time when Diagrim illustrating the different 
the impulse flows orcr to the A V bundle, leads used for obtaining electro 
the rentncles begin to contract at about the cardiograms m humans 
tune the QRS rr i\ e reaches its greatest infen 

sity The T rr ar e is quite r ariable in shape and is sometimes inr erted, often 
being used for detecting certain heart conditions that affect its extent and 
position 
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HEART BLOCK 

Manv abnormal heart conditions may be diagnosed by means of the 
electrocardiograph Many of the failures of the heart in old age can be 
detected as well as the abnormalities resulting when sy philitic in\ asion and 
other infections produce nodules upon conductile structures of the heart 
If a nodule should form on the A V node it would gradually press on the 
conductile fibers and result m partial heart block in which there is a delayed 
conduction In a partial heart block (that is, 2 1 block) for every two 
auricular impulses, one passes over to the ventricles In terms of the electro 
cardiogram for every two P waves there is one QRS wave In complete 
heart block the auricles and ventricles do not beat in a properly coordinated 
fashion each haung its owti rhythm 

OUTPUT OF THE HEART 

About 60 to 70 cc of blood is forced out of the heart at each ventricular 
svstolc resulting in the movement of 4 to 5 liters per minute This is the 
total for the heart of an average man during rest There arc many condi 
tions under which the heart increases its output During exercise the 
volume expelled from each ventricle per beat may double (120 to 140 cc 
blood), at the same time the heart rate may increase to 140 to 180 beats 
per minute Therefore, the total volume passing through the heart per 
minute may increase to nearly 35 liters in strenuous exercise Other condi 
tions under which there is an increased output are (1) emotional excite 
merit, (2) high temperatures, (3) pregnancy, (4) digestion, (5) hyper 
f/iyroidi$m, and (6) anemia The output is decreased in (1) hypothyroid 
ism (2) malnutrition, (3) rest, and (4) \anous heart diseases 

THE LAW OF THE HEART 

The heart is organized extremely well with respect to its activitv When 
the tissues of a healthy individual need more blood, the heart maniges 
to send more blood to them As alrcadv pointed out, there is an increase 
in the volume of blood forced out at each ventricular beat I his dc 
pends upon a fundamental property of cardiac muscle enabling it to 
produce a much more powerful contraction when stretched Tins phe- 
nomenon, also a property of all striated muscle, is know n as The Law of 
the Heart’ The circumstances under which the law works in the heart 
include an increase in the amount of blood flowing from the veins into the 
1 uncles Thus a greater amount is forced into the ventricles which arc at 
rest and hence quite fhbbv and vicldmg 'Hie large qmntitv of blood 
stretches the ventricles more than usual making thur contractions more 
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powerful The force of the contractions corresponds to the amount of 
stretching, within reasonable limits 


THE BA1NBRIDGE REFLEX 

The Bambridge reflex works hand m hand with the Law of the Heart 
This reflex imolves an increase in the rate of heartbeat and is initiated b\ 
the stimulation of stretch (pressure) receptors m the walls of the i enae ca\ae 
as tlies enter the heart An increase in \enous blood pressure (such as 
that caused b} an increased \enous return, due to muscular massage of the 
\eins during exercise) stimulates these receptors to send impulses to the 
centers m the medulla The impulses then pass o\ cr to association neurons 
connecting with the s>mpathetic fibers (accelerator nerse) that lead to the. 
heart, and thus cause an increase in beat 



n,csc properties of the cardiovascular tissues enable the heart to increase 
.Is output from about .) or 5 liters per minute to as niucl. as 33 Men per 
minute 


ADDITIONAL REAOING 

Crcs H Anafoim of the Human Rod), 25th cc! (Philadelphia 1*3 and I c 
i>iecr lOjSj.np 52--;^ The heart in the fetus and adult 
Prosser C L. Compardtnc Animal P/mro/oo {Saunders iq;o) cli 15 
\ ertebrate and imcrtcbratc hearts 



Flow and Pressure of Blood m 
the Vessels 


T _ „ ™E FLOW OF BLOOD 

l he blood flowing at the rate f 

arteries pulsates as the result ofrtJ 0 !° 5 ° Cm per SeCond in the Iar S c 
The frequency of the pulsation* !? ermittent flow from the ventricle 
the pulsations disappearing when thM^ the ventncular contractions 
lanes the venous flow also stead reaches the arterioles and capil 

flow of blood resulting when an / ° e C3n note lh,s dl fference in the 
mg when a vein is cut the blond ” ? Ut as com P ared with that result 
it flows from the vein m a steady stream^ r ° m ^ arter ^ in s P urts whereas 

and cap, Hanes a'^'conreMentt'th ' 1 ^ fl ° W ° f blood ,n aitcn ° te 
ngarast the walls of the vessel hi r,rst the frictl0n °f H>e blood 

creases This phenomenon referred*? §rGater as the vessel diameter de 
we partly m obliterating the rmU ° 3S P en ph er al resistance is effec 
very elastic tending to expand with !, 10nS ^ econ d the arterial walls are 
expansion ,s a means for preventing /n TT!®* P r «sure of systole This 
IS also a factor ,n producing a stidv e °° h ’ sb b!ood pressure normally, and 
exceeds that of the arfer.es 7 Th,rd lhc area °f the capdiar.es 
as its pulsatile movement, is diminish ? eed ° f the blood flow » as weH 

ment would be s.rrular to the flow of f I" ° lhet words such an arrange 

a broad lake, since there also the sneerl ° f ' Valer en, P l y ln g lnt0 

because of the great merease m aref 3n Umlead >' flow ‘end to d.m.n.sh 

Tlreaortars about 

.ngl) greater number of smaller arteries 1 d 3S ,f dlvides ,nto an increas 
snelj, the total cross sectional area mcr " ° SC diameters decrease progres 
divides into smaller arteries winch m f rCaSCS °fhcr words, the aorta 
and so on, the smallest subdivisions beiiwT dn,de lnto sl, N smaller ones 
vessels usuallj d«v ide into twenty to fifh g „ " as tI,c ar Orioles These 
343 J Capi anes " Inch reunite forming 
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venules which, m turn, form small veins, these give rise to larger ones, and 
so on, until at last the largest veins unite to become the venae ca\ae 
In skeletal muscle there are about 30,000,000 capillaries per cubic inch 
The number of capillaries, always large, varies, some tissues having fewer 
than the skeletal muscle, others more The average diameter of the capil 
lary is 8 to 10 microns, its average length, o 5 mm It has been calculated 
that if all the capillaries were placed end to end, their total length would 
reach 60,000 to 65,000 miles The total surface area of the capillaries re 
ferred to as the capillary lake is enormous, being about 500 to 600 times 
as great as that of the aorta It has been calculated that the total surface 
area of the capillaries may be greater than 60,000 square meters (10 acres) 
The rate of flow in the aorta, about 250 to 500 mm per second, has de 
creased to o 5 to 1 mm per second by the time it reaches the capillaries 



FIGURE 220 

Comparison of structure of an artery with that of vein Outline of capillaries 
showing comparative size 

THE ARTERIAL WALL 

Endothelial cells, forming a structure hnosin as ‘ the endothelium,” com 
pose the inner nails of the arteries Tins endothelium is continuous 
throughout the vascular srstem and can be traced from the capilhncs to 
the arteries, the heart and the reins Trom the capillaries bach to the 
heart the a’rter) nails become increasing!! thichcr In the smaller arteries 
and arterioles a thin slicath of connective tissue immediate!! surrounds 
the endothelial lar cr, m turn surrounded bv smooth muscle cells ( forming a 
longitudinal laser and a circular laser) Immediate!! external to the 
smooth muscle lav cr is a lav cr of connect.! c tissue 
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'"No smooth muscles occur in the largest of all “ ‘^ceniric^ 
f,ftv lavers of elastic connective tissue, however, form concentric g 
around the vessel, enabling it to expand but, at 
considerable thickness and sufficient strength to withstand the force 
ejection of hlood from the ventricle. 

THE CAPILLARY WALL 

The capillars wall is composed of endothelial cells, stretched considerably 
to form a very thin membrane, and held together by an intercellular ce- 
ment ’’ Some connective tissue cells surround the capillaries and give si p- 
poit to their walls. Scattered about on the exterior surface are numerous 
Rougrt cells having pseudopodialike processes that surround the capillary. 
The function of these cells is still obscure. At one time they were thought 


FIGURE 22! 

Capillary structure and 
Rouget cells. 

to be contractile and thus to cause constriction of the capillaries, but this 
is doubtful, the endothelial cells themselves are contractile and carry out 
this function very w ell. 

The capillary wall is about 1 micron thick and is permeable to water 
and many soluble crystalloids, such as glucose, amino acids, salts, urea, 
creatine and creatinine. It is not permeable to the red blood corpuscles, 
but some of the plasma proteins and hemoglobin, if set free in the plasma, 
will pass through. Occasionally, large objects, such as white cells an 
parasitic worms, pass from the blood in the capillary into the surrounding 
tissue spaces without injury to the capillar}' wall. Probably they accom- 
plish this by forcing their way through at the junctures of endothelial cel s. 



CAPILLARY FUNCTION 

The exchange of materials between the blood and tissue spaces takes 
place onlv through the capillar}' wall; this is true also for the exchange o 
food materials in the intestine as well as for the exchange of oxygen an 
carbon dioxide in the lungs. 

Conditions within the tissues regulate to some extent the blood »o\s 
in the capillaries. For example, an adequate supply of oxygen in the tissues 
is a stimulus initiating constriction of the capillaries. Adrenalin an 
pituitrin also cause constriction. On the other hand, an increase in acidi ). 
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FIGURE 222 

The norma! constricted 
and dilated states of blood 
capillaries 


due to concentration of waste products w the tissues, results in dilation of 
the capillaries Tim increase in capillar) diameter is noticed also in the 
Metims of wound or surgical shock, or on application of histamine, a sub- 
stance liberated b) injured tissues 


THE WALLS OF THE VEINS 

The walls of the veins arc much thinner than the walls of their corre 
sponding arteries (figure 220 ), in spite of their having, as do the small 



MUSCLES RELAXED MUSCLES CONTRACTED 


FIGURE 223 

Illustrating the action of 
the valves in the veins and 
the muscular facilitation 
of blood flow in the veins 
of the legs The blood is 
forced from one level to 
the next bv means of the 
squeezing action of the 
muscles 


352 


THE TRANSPORT SYSTEM 

arteries and arterioles, a smooth muscle layer surrounding the endothelium 
At most, the walls of the v eins are no more than o 5 mm in thickness The 
blood flowing through them, at a rate about half that flowing through the 
arteries, averages about 200 mm per second 
The small veins have in their walls valves that open to allow blood to 
flow toward the heart, but, because of grant} or some other force, they 
close when the blood tends to flow away from the heart Because the 
valves are needed for the normal return of the blood to the heart, they arc 
quite numerous in the veins of the limbs The contractions of the limb 
muscles (especially those of the legs) facilitate the forward movement of 
the blood by pressing against the blood contained in the veins Since 
valves prevent its backflow the blood can move in only one direction 
No valves are present in the venae ca\ae or in the veins leading from the 
head and neck 


ARTERIAL BLOOD PRESSURE 

Arterial blood pressure is of extreme importance to the body Blood 
pressure ma) be defined as that pressure exerted by the blood upon the 
walls of the vessels and the heart comprising a closed circulatory system 
The arterial blood pressure must be great enough to ensure an adequate 
supply of blood to the tissues If it is not sufficiently great, the blood 
supply to the brain and other tissues is diminished, a condition which may 
lead to dizziness and fainting On the other hand, if the pressure becomes 
too great, especially in the vessels of the brain, it may cause the rupture 
of a vessel, resulting in a hemorrhage This condition, commonly called 
a stroke, occurs occasionally m older people who have developed high 
blood pressure 


MAINTENANCE OF BLOOD PRESSURE 

Many factors are responsible for the maintenance of blood pressure, the 
chief of which are discussed below 

1 SysfoZe of the left ventricle Obviously, the greater the force of the 
ventricular beat and the greater the volume of blood ejected by the ventricles, 
the greater will be the pressure of the blood in the arteries, if less blood 
is expelled with each ventricular beat, the arterial pressure is lowered This 
is true, however, only if the other factors concerned with blood pressure do 
not change 

: Peripheral resistance This is caused b> the friction of the blood 
against the walls of the vessels The smaller the lumen of the vessel, the 
greater wrll be the friction, lienee, the slower will be the blood flow, since 
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the pressure increases with the resistance Thus vasoconstriction causes 
increase in pressure v asodihtion decrease in pressure 

3 The \olumc of blood as compared to the capacity of the circulatory 
system Normalh there is sufficient blood to fill the vessels and actually 
to cause stretching Because the \esscls are elastic the* are capable of be 
ing stretched IIowe\er there mi) be too great an increase in blood \ol 
ume that is an increase to the point where the arteries cannot stretch 
further (the pressure may become great enough to rupture vessels in the 
brain or elsewhere) There miv also be a decrease in \ olume reaching such 
i low level tint shock mas develop due to lowered pressure 

Within anj closed S)Stem the internal pressure will vary inversely with 
the volume of that s>stcm thus the v olume of the circulatory system influ 
cnees blood pressure If the smooth muscle in man) of the vessels is made 
to contract to a greater degree causing the diameter of the vessels to become 
less then more pressure is placed upon the elastic walls of the vessels with 
the result that the blood pressure is increased Conversel) if the vessels 
are dihted the internal pressure is diminished Certain nerves that control 
the degree of contraction of smooth muscle in blood vessels are therefore 
v er) important as controlling factors of blood pressure When one becomes 
angr) certain nerves cause the heart to pump more blood and some of the 
blood vessels to constrict with the result that blood pressure increases and 
the blood flows more efficiently 

4 The elasticity of the arterial ^ alls If it were not for the elasticity of 
the arterial walls there would be a much greater range of pressure in the 
blood vessels As already pointed out the arter) walls are well supplied 
with elastic connective tissue When blood is forced into the arteries at 
each beat of the ventricle they stretch and exert a force on the blood with 
the result that there is always considerable positive pressure within them 

5 The viscosity of the blood The viscosity or thickness of blood is 
greater than that of water thus because friction is greater blood flows 
more slowly through a tube For this same reason a greater pressure is 
built up than would be developed if the viscosity were lower 

METHODS OF ASCERTAINING BLOOD PRESSURE 

The direct method of ascertaining blood pressure is not practical for man 
but may be used for other animals In this method the vessel is actually 
opened and by means of a cannula the blood is brought into direct contact 
with the recording instrument — a manometer 

In the first know n attempt to measure blood pressure the direct method 
was used Stephen Hales m 1733 cannulated the artery in the groin of a 
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horse, are cannula berng then connected w.th . g'ass tube 9 ^ m 'eng 
and % in in d.ameter The blood rose in this tube to a height of about 
8 ft This method was simplified later by using a U shaped manom 
with mercury which has a specific gravity of 13 5 in the tube, thus, a much 
shorter tube can be used It would be impossible to measure human blood 
pressure as a standard procedure if we had to use the direct metho 



Direct mctl od of ascertain Diagram illustrating the use of the sphjgmoma 

ing blood pressure Cannula nometer in measurement of human blood P* cs 

with connecting tube in ca sure 

rot id artcr) of a dog Blood 

rises in tube to height of 

about four and one half feet 


In the indirect method the blood vessels are left intact Todaj, "C cn 
plo) a form of an apparatus called the sphygmomanometer, by means o 
which the existing pressure within an artery, such as the brachial arten, IS 
accuntcU balanced b\ a known pressure regulated m the artificial sjsten 
surrounding the artcr) , in the case of the brachial artery the arm band of t lC 
apparatus is applied around the upper arm 

In measuring blood pressure an arm band (or rubber sleeve) containing 
a rubber bag is wrapped tightl) around the arm ( V igure 225) 'Hie bag > s 
connected with a rubber bulb and a mcrcun or an -macro id manometer 
n ,c -irrangcm-nt allows for inflation of the rubber bag b\ means of t lC 
bulb md, nt the same time the pressure w ithin it is recorded b\ the mcrcun 
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in the manometer (or by movement of a marker in the case of the anaeroid 
type). In one method, the observer feels the pulse of the subject or patient 
with one hand and inflates the rubber arm bag until the manometer 
registers a pressure believed to be higher than the subject’s arterial pressure, 
that is, between 130 and 150 mm of mercury (Hg) pressure If this is 
done, the observer can no longer feel the pulse because the pressure in the 
bag is sufficient to close the braclual artery leading directly into the radial 
artery in which the pulse is felt By means of opening a small outlet screw 
011 the bulb some of the air in the apparatus is allowed to escape and the 
pressure is lowered When this pressure falls to a point where it equals, 
or is slightly low er than, the highest pressure in the brachial artery, the artery 
opens again, blood flows to the radial artery, and the pulse reappears This 
pressure, called systolic pressure , is the pressure produced by ventricular 
contraction, and is equal to the resistance to stretch offered by the elas 
tic wall of the artery as the blood is pushed against it bv the ventricular 
systole 

Another method involves the use of the stethoscope, the instrument used 
especially m 653111111108 the chest It amplifies heart and breathing sounds 
so that irregularities can be easily detected In this case, it is placed over 
the brachial artery just below the position of the arm band The bag is 
inflated, as in the previous method, until the pressure within it is judged to 
be slightly greater than the arterial pressure of the subject The pressure 
is then allowed to fall gradually and, bv means of the stethoscope, the ob 
server can hear a very feeble clrching sound indicating the precise moment 
when the blood first seeps through the artery The pressure at this point 
is the greater or systolic pressure If, now, the pressure in the bag is lowered 
further, at first the sounds become progressively louder, and then suddenlv 
disappear The pressure at the time of, or just preceding, this disappear 
ance is the lesser pressure and is known as diastolic pressure At this point, 
the ventricle is relaxed and the resulting pressure is due to the elastic recoil 
of the arterial wall on the blood within it during the period of ventricular 
diastole 

The difference between systolic and diastolic pressure is called pulse 
pressure It immediately becomes apparent that this is the w orking pressure 
of the heart It represents the increase in pressure everted bv ventricular 
systole and is essential in keeping the blood flow mg 

The average normal systolic pressure of young adult male humans is 
about 120 mm Hg the diastolic is approximate!! So mm Hg, therefore the 
pulse pressure ts qo mm Ilg The 321 intro of svstohe, diastohe, and 
pulse pressures is fairlv constant 
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NORMAL VARIATIONS IN BLOOD PRESSURE 
Blood pressure vanes with age At birth the systolic pressure averages 
about 40 mm Hg although it may vary from 20 to 60 mm The diastolic 
pressure averages 20 mm However, the arterial pressure increases so 
rapidly that by the end of a week or two, svstolic pressure averages around 
70 mm and at the end of a month 80 mm Other average systolic, diastolic 
and pulse pressures for different age groups are presented in Table 15 


TABLE 15 

Arterial Blood Pressures in Humans at Different Ages 
(in mm Hg) 


Age m \ ears 

Systoltc 

Diastolic 

Pulse 

— 

At birth 

40 

20 

20 


i-_ 

85 

60 

=5 


3 4 

90 

6 5 

=5 


10 

103 

70 

33 


*5 

110 

70 

35 


20 

120 

80 

40 


3 ° 

* 3 ° 

85 

45 


40 

140 

90 

5 ° 


50 

M 5 

90 

55 


60 

l 5 ° 

90 

60 




Blood pressure vanes according to the sex of the individual, being about 
10 mm Hg lower in women than m men During sleep or relaxation the 
pressure is lower than otherwise, it ma\ fall as much as 15 to 50 mm Hg 
pressure This is partlv owing to the prone position in which less pressure 
is needed to pump blood to the brain and to return it from the legs 
Exercise and emotional disturbances cause an increase in arterial blood 
pressure, the degree of rise depending upon the strenuousness of the 
exercise or the intensity of anger, fear, or worry 

Individuals who arc overweight are more apt to have high blood pressure 
than those of normal weight 

PATHOLOGICAL VARIATIONS IN BLOOD PRESSURE 
Hypertension or High Blood Pressure 

The blood pressure may varv from the average because of various patho- 
logical conditions It is difficult to draw a sharp line between the normal 
and the abnormal, but a persis tenth high pressure, 15 mm, or more, above 
the normal average svstolic, is considered lugh blood pressure or hyperten 
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sion There arc two tvpcs of hypertension (1 ) primary or essential hyper 
tension which is not associated with kidney disease, but seems to be the 
result of a general peripheral vasoconstriction, and (a) secondary hyperten 
sion which is associated with kidney disease The secondary tvpe is evi 
dent!) caused bs a great reduction in the \ascnlar bed (chief!) the capillarv 
capacity) of the kidney as the result of a narrowing of the arterioles and 
destruction of the capillaries of the glomeruli (the filtering units of the kid 
ney) It is also suggested that the kidnes, itself, produces a substance 
has ing a pressor effect upon the small vessels 

High blood pressure is associated with hypcrtin roidtsm lead colic and 
angina pectoris 

The cause of increased peripheral resistance is not known but numerous 
suggestions and assumptions have been made The production of toxic 
substances basing a pressor effect, hsperactisity of the sympathetic nervous 
ssstem and, therefore, greater secretion of sympathm, causing increased 
pressure by sasoconstnction, and arteriosclerosis, or hardening of the arteries, 
not a cause but possibls a contributing factor toward high pressure, all of 
these hasc received attention as possible explanations of hypertension 


Hypotension or Low Blood Pressure 

A blood pressure that is persistently 10 nun Ilg pressure below normal 
for am mdiudual is called Inpotctmon Lou blood pressure is associated 
uith mam abnormal conditions some of which are tuberculosis, malnutn 
tion, hypothyroidism, Addison's disease, hemorrhage or shock, and certain 
heart defects 


ARTERIOLE and capillary pressures 

The blood pressure falls rapidly betueen the point of origin of the 
arterioles and that of the venules The pulse ware also disappears m the 
arterioles for the reasons already discussed Because of the still high 
hydrostatic pressure on the arteriole side of the eap.llar.es, 30 to 50 mm Hg 
a great deal of filtration takes place through their nails u.th a very slight 
loss however of the protein content of the plasma Tims, when the blood 
reaches the venous end of the capillarv where the hvdrostatic pressure has 
lowered considerably (to about 15 mm Hg), its protein content is high com 
pared with that of the plasma The blood pressure is below the protein 
osmotic pressure, resulting therefore, in a movement of some of the tissue 
fluid back into the blood stream bv means of osmosis 

All of the capillaries are never fullv dilated at one time, a situation 
prevented by regulating mechanisms in the bodv For example, when 
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the capillaries of the muscle tissue are dilated as the result of exercise, those 
of the abdominal cavity are constricted automatically If all capillaries 
should expand or open at the same time, the blood would bach up into the 
capillaries, leaving too small a residue of blood for the heart to pump 

CONTROL OF THE ARTERIOLES AND CAPILLARIES 
A sympathetic nerve supply to the capillaries, already described, appears 
to be less important than chemical control, by which means, the tonus of 
the walls of the capillaries and arterioles is varied A decrease in the tone, 
or dilation depends chiefly upon the presence of some metabolite such as 
histamine or a histamine like substance 
The arterioles do not always pass blood on through to the capillaries In 
the shin regions of distal parts of the body, such as the toes, fingers, ears, and 
the face m general direct connections exist between arteriole and venule 
By means of this route the blood can pass from the arterioles to the veins 
without going through the capillaries These arteriole like \cssels that 
connect arterioles and venules (m a manner similar to the capillaries) are 
called anastomoses The walls of these so called anastomoses ' contain 
smooth muscle which is under nervous control The anastomoses, occur 
ring only in those areas of the body concerned with heat loss, open when 
there is need to cool the body Thus the temperature of the shin is greater 
when these vessels are open than when the capillaries are fully dilated 
Naturally, capillaries dispense some heat but thev also giv e color to the shin 

The color and temperature of the shin, therefore, depend upon the amount 
of blood m the capillaries and the anastomoses between arterioles and 
venules 

A red warm skm signifies the dilation of capillaries and anastomoses, a 
pale w arm skm, dilation of anastomoses and constriction of capillaries, a 
red cool skm, dilation of capillaries and constriction of anastomoses, and a 
pale cool skm, constriction of both capillaries and anastomoses 

VENULE AND VENOUS PRESSURES 

As the capillaries join to form venules, which m tum unite to form 
larger v ems, the area of the vascular bed is again decreased, resulting in an 
increase in the rate of blood flow The vclocitv is only about one half that 
m corresponding arteries, since the cross sectional area of the veins is about 
twice that of the arteries 

Many factors influence the extremely low pressure in the veins, some of 
them are 
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1 The force of the ycntncular contraction, considerably dissipated at this 
point, is, ho\\e\cr, still slightly effective on reaching the veins 

2 The effect of grant), often referred to as the hydrostatic effect, is 
obvious The weight of the column of blood presses against the lower 
arterial and venous walls (the weight of a column of blood 5 ft high would 
exert a pressure equal to 125 mm Hg) Tins weight necessitates a great 
resistance in the lower leg vessels which are greatly contracted when one 
stands in an erect position Failure of the veins to counteract the hvdro 
static effect may result m so called varicose veins These are veins ab- 
normally dilated because of the failure of valves further up the leg to func 
tion, with the result that the pressure due to gravity causes the weakened 
vein walls to expand 

3 The massaging effect of muscular contractions in the limbs plays an 
important role in the movement of the blood through the veins As ex 
plained previously (page 352), the contractions of the muscles propel the 
blood forward because of the structural arrangement of the valves 

4 The action of the respiratory pump is such that blood is actually 
sucked up through the inferior vend cay a at each inspiration The pressure 
in the thorax is always subatmosphenc but at tins time that of the pleural 
cavity tends to become even more negative Since the large yenae cavae 
occur in this general area the negative pressure will naturally affect them 

5 The amount of blood passing through the capillaries at any given 
moment will also influence the venous return The more rapid the flow 
from the arterioles through the capillaries the greater will be the pressure 
on the veins It is this increase m venous pressure that excites the Bam 
bridge reflex (page 347) by stimulation of receptors in the veins near the 
heart 


ORIGIN OF VENOUS CONTROL 

The superficial veins are contractile as might be expected from the 
presence m their walls of smooth muscle fibers arranged in a manner con 
ducive to constriction The veins dilate when the skin is warmed and 
contract when it is cooled These contractions have been noted in a 
denervated area treated m this manner and mav therefore be produced 
cither by a physical stimulus or bv chemical changes resulting from such 
a stimulus 

Hosscser tlie smooth muscles of the sems with nerscs leading to them 
are effectne in producing dilation or constriction Ncrsous conduction 
can be demonstrated b) placing an arm in cold ssater not onh do the sems 
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in that arm contract but, as the result of reflex action, the veins m the 
other arm contract also 

THE PULMONARY CIRCULATION 

The right ventricle forces impure or unoxvgenated blood into the pul 
monai) artery branching into each lung The amount of blood leaving the 
right ventricle is the same as that leaving the left An unequal flow would 
soon result in the blood failing to flow properly For example, the left 
ventricle pumps 60 cc of blood with each beat but suppose at the same time 
the right \ entncle should pump onh 30 cc to the lungs with each beat, very 
soon then the left ventricle also would have only 30 cc to pump with each 
beat and thus would have only half the amount needed for the tissues 
The pressure of the blood in the pulmonary artery is much less than that m 
the aorta, being approximately 30 mm Hg The blood is not pumped an) 
great distance in this circuit, and the heart being on the same level as the 
lungs, the blood could almost flow into them even if the ventricle gave no 
force to it Little is known about pulmonar) , v enous and capillary pressures 
the capillary pressure may be 4 to 5 mm and the v enous 3 to 4 mm Hg 

THE CORONARY CIRCULATION 

The coronary circulation takes place within the heart Blood enters the 
heart through the two coronary arteries originating behind the semilunar 
\alves of the aorta Most of the blood flowing into the coronarj svstem 


FIGURE 226 

The openings into coronary arteries 
behind the semilunar valves 

passes out into the right auricle by wav of the coronary vein which empties 
into the coronai) sinus However, onh about three fifths of the coronirv 
blood returns to the general circulation in this manner, the remaining two 
fifths being relumed b\ other vessels into the left auricle, the right ventricle 
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or even the left ventricle Tins docs not appear to be so odd when vve under 
stand the conditions under which the blood flows m the coronary circuit 
During the contraction of the ventricles of the heart, contrary to the proce 
dure in the systemic circuit, a lesser flow of blood tabes place through the 
coronary system, due to the squeezing effect of the contracting ventricles 
on the vessels However, as soon as the ventricles begin to relax, the blood 
under very high pressure in the aorta, is forced into the coronary artenes 
At the same time, a suction action may be produced by the \ entncles as 
thev expand, that is, a negative pressure may be produced within them 
w hich could draw in blood from the veins and sinuses of the coronaries In 
other words, the coronary flow is least during ventricular systole and 
greatest during diastole It has been estimated at about 40 to 50 cc per 
gram of heart per hour during rest 

CHEMICAL AND PHYSIOLOGICAL FACTORS IN REGULATION OF 
CORONARY FLOW 

During asphyxiation, when insufficient supplies of oxvgen are carried bv 
the blood, the heart compensates temporarily for the decrease m two ways 
(1) the flow of blood through the coronary vessels is increased, (2) the 
percentage of oxygen abstracted from the blood by the heart muscle increases 
proportionately as the oxygen content decreases Thus there appears to be 
a natural attempt to furnish the heart muscle with its normal supply of 
oxygen despite the deoxygenation of the arterial blood during asphyxiation 

Figure 227 shows the relation of coronary blood flow and oxygen con 
sumption to the degree of oxygenation of the blood hemoglobin The 
values are tahen from results obtained with a heart lung preparation When 
the coronary arterial blood was saturated with oxygen, the rate of flow was 
rather constant, at about 50 to 60 cc per minute How ever, as soon as the 
oxvgen saturation is reduced by replacement with nitrogen, the rate in 
creases, when the oxygen saturation is about 5 to 7 per cent, the rate of 
coronary flow increases to 250 or 300 cc per minute, decreasing again, when 
oxvgen is supplied The amount of oxygen obtained by the heart muscle 
does not vary greatly, remaining on the average about 3 cc per gram per 
hour 


PORTAL AND HEPATIC CIRCULATIONS 

The t essels earning blood to the stomach, spleen, pancreas, and intestines 
break up into capillaries in these organs and then reunite to form the large 
portd vein Tins sen. transports all of the materials absorbed through the 
intestinal nulls to the liter ttlrere the tern again breaks up into capillaries 
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Diagram representing the flow of blood in the coronary \essels m relation to the 
ox) gen saturation and the oxjgen consumption of heart muscle Note that 
the ox)gen utilization is quite stead) e\cn in extremely low o\)gen tensions 
(Redrawn from Hilton and Eichboltz J P/i)sioI 59413 [1925I ) 

In this way, the absorbed carbohydrates and amino acids are brought into 
direct contact with the liver cells, which act upon them There is also the 
hepatic artery , coming to the liver directly from the aorta, thus ensuring an 
adequate suppl) of oxjgen for the liver cells The blood within the hepatic 
artery is under high pressure, whereas that 111 the portal system is under 
very low pressure Blood coming into the liver by both portal vein and 
hepatic artery leav es by one v essel, the hepatic vein 

ADDITIONAL READING 

Best, C H , and N B Taylor, Physiological Basis of Medical Practice, 5th £ d 
(Baltimore Williams and Wilkins, 1950), clis 14, 15 Dynamics of 
circulation, arterial blood pressure 
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Shock and Vasomotor Activity 


SHOCK 

Shod maj be defined as that condition of the circulation in which there 
is an inadequate blood lolinnc Traumatic or wound shock surgical and 
nervous shock are fundamental!) produced in the same way 
One of the most obvious causes of shock is blood loss or hemorrhage, re 
suiting from a wound or a surgical operation Although a person after a 
severe hemorrhage ma) not show many risible signs pointing to a physio 
logical abnormality his condition nerertheless may be critical As soon 
as a severe blood loss occurs certain mechanisms begin to operate to com 
pensate for the loss Further loss of blood may ultimately overtax these 
mechanisms and lead to their failure 

Two general mechanisms by means of which the bodr immediately tends 
to overcome the effects of blood loss hare been mentioned previously (prge 
300) (1) a reduction in the capacit) of the circulatory system by vasocon 
stnction and by constriction of the spleen which adds several hundred cubic 
centimeters of fresh blood to the circulation and (2) a rapid absorption 
of tissue fluid replacing the lost blood volume 

Should the body fail to compensate for the loss the arterial blood pressure 
would continue to fall resulting in an inadequate supply of ovygen to the 
tissues If this condition should continue for too long a period of time it 
might lead to serious damage especially to nerve tissue death might even 
result If shock appears immediately after wounding it is known as primary 
shod and if it develops more slowly that is several hours after the inpuy 
has occurred it is called secondary shock In cither type the victim al 
though usually sweating is cold restless thirsty with a barely perceptible 
pulse and considerably decreased blood pressure 

Shock may appear in some cases without am apparent loss of blood for 
example a limb may be crushed or one mav suffer severe burns without 
any blood loss In these cases evidently some internal change allows a 
great deal of plasma to escape into the tissue spaces the blood volume may 
be decreased dangerously in this wav 

Shock may be produced expenmcntally in mammals by (1) crashing 
361 
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a limb with the animal anesthetized, (2) exposing the contents of the 
abdominal cavity which allows fluids to evaporate, or ( 3) injecting histamine 

CAUSE AND TREATMENT OF SHOCK 

The cause of shock is not clearly understood Seemingly, man) factors 
contnbute to its appearance, hemorrhage being only one, although certainlv 
the most important of these 

Theories have been advanced from time to time in an attempt to explain 
primary and secondary shock It appears certain that because of the rapid 
changes taking place in primary shock, there must be some nervous con 
nection Theories based upon humoral action have also been proposed 
Some claims have been made that histamine or a histamine like substance, 
released by crushed tissues, may be a direct cause of shock It is likely that 
both nervous and humoral factors are involved 
Whatever the original cause or causes of shock, the treatment is funda 
mentally the same control of hemorrhage or fluid loss, removal of damaged 
tissue should a toxemia be produced and the infusion of plasma or whole 
blood to compensate for the fluid loss 

THE CONTROL OF THE BLOOD VESSELS 

Claude Bernard who added so much to our knowledge of phvsiology, 
was responsible for some of the first investigations on the sympathetic con 
trol of blood \ essels Although he had prev lously suspected this influence of 
the sympathetic system the results of his experiments were not published 
until 1851 


VASOCONSTRICTION 

The constriction of any blood vessel is called vasoconstriction and the 
mechanism concerned is chiefly under control of the sympathetic div ision 
of the autonomic nervous system Bernard the first to demonstrate vaso- 
constriction in one of Ins classic experiments cut the cervical svmpathetic 
nerve on one side of a rabbit and found that the vessels in the ear on that 
side having become dilated no longer retained their normal tone He noted 
also that the temperature of this car was greater than that of the opposite 
ear which was still innervated bv the cervical svmpathetic nerve The 
temperature increases as a result of the large amount of blood flow ing through 
the dilated vessels Stimulation of the peripheral stump of the cut nerve 
causes the blood vessels of the car to constrict presenting further proof that 
this sympathetic nerve is a vasoconstrictor nerve 
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The bilatc.nl vasoconstrictor center 
varying degree, is stimulated both di 
recti) and mdircctl) High carbon di 
oxide content of the blood has a direct 
action on the center, bringing about 
vasoconstriction (lienee high blood 
pressure and more rapid blood flow) 
Low o\)gen content acts chicfl) upon 
chemoreceptors of the aorta and ca 
rotid bodies w hich send impulses to the 
vasoconstrictor center m this manner 
bringing about vasoconstriction reflexlj 
Vasoconstrictor nerves of the $>mpa 
thetic division lead chiefly to the small 
vessels of the shin and, by way of the 
splanchnic nerves to those of the ab- 
dominal region The vasoconstrictor 
fibers located m the vagi nerves of the 
coronary vessels are paras) mpathetic 


the medulla alwa)s active to a 



The cervical sv mpathetic nerves carrj 
impulses that cause constriction of 
blood vessels (vasoconstriction) Cut 
ting these nerves therefore causes the 
blood vessels to d late 


VASODILATION 

Claude Bernard is cred.ted also with the discovery of vasodilator nerves 
In an experiment on a eat he exposed the c horde tympam nerve a branch 
of the seventh cranial or facal nerve, runnrng to the salivary glands He 
found that by stimulating this branch the blood vessels in the salivary glands 
drlated and the secretory cells produced a much greater quantity of sahva 
Vasod.lator centers are present rn the medulla with subs.drary centers 
occurring rn the sacral regron of the sprnal cord Contrary to the condition 
obtaining in the vasoconstrictor center these do not show tonic activity 
At least three types of vasodilator nerves exist 
dilators such as those for the salivary glands (chorda tympan i) and the 
tongue others innervate the pelvic region and the genital 
become engorged with blood (a) sympathetic vasodilators of the blood 
vessels of the skeletal muscles and heart and (3) aeon W 1 ”' 

vv" h thTresul" “hat normally when the receptor from which the one 
vutn tne resuc [he im pulse travels up the sensoiv neuron to 

thc^nluord 15 Hon ever the impulse spreads also over the collaterals 





Three different wan in which \asodihtion is accomplished A, direct stimulation, B, 
antidromic conduction and C rcflexlv 

part of a single neuron It should be noted also that this type of conduction 
is the sole exception to the Bell Magendte Law {page 129). 

VASOMOTOR REFLEXES 

The vasoconstrictor and \asodilator fibers are grouped together as vaso- 
motor nerves As prev louslv described, the vasomotor mechanism regulates 
the amount of blood reaching an organ at a particular tune The regula 
tion must be of such an order that if am extensive vascular bed, contained 
within a particular organ or group of organs, has its capacity increased by 
dilation of arterioles and capillaries, the vessels in another region of the bodv 
must constrict corTCspondinglv, in order to decrease the capacity of tint 
region, and therein maintain a normal blood pressure 

Hus rcgul ltion is verv noticeable in the vessels of the abdominal region 
m conjunction with those of the skeletal muscles and peripheral region 
Hie abdominal organs arc gorged with blood after a meal, the vessels dilate 
and the blood capncitv increases in that region At the same time, the 
capillaries and arterioles of the skeletal muscles constrict, a procedure cs 
ventral for the maintenance of normal blood pressure The listless, tired 
and sleeps vernation often experienced after a meal may be due to the fact 
that the muscles arc not obtaining so much blood and also tint the blood 
flow to the brain has been decreased 

'Hie constriction of the vessels of the skeletal muscles is accomplished by 
pa rasvm pathetic impulses as is the dilation of the vessels of the abdominal 
area, which arc innervated In fil>crs of the vagi nerves 
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During exercise or excitement, the sjmpathetic fibers come into play 
Their action is just the reverse of that described above, blood vessels of the 
abdominal area and shin arc constricted, whereas those of the skeletal 
muscles and heart arc dilated The vasoconstrictor fibers arrive at the 
abdominal areas bv \va> of the splanchnic nerves which consist of three 
pairs of large trunks — the greater, the lesser, and the least splanchnic The 
fibers arc formed bj preganglionic fibers originating in the cord and forming 
sympathetic chains that pass through the lateral ganglia, in the area between 
the fifth and the twelfth thoracic segments inclusively, without making 
sjnapsc Man) of their fibers meet in the coeliac ganglia (collateral gan 
glia) where synapses are made with the postganglionic fibers leading to the 
viscera Hie cochac ganglia are masses of nerve tissue found on the aorta 
just below the point where the coeliac artery leaves to supply the liver, 
stomach and intestines The entire mass is commonly known as the solar 
plexus 


NERVOUS CONTROL OF THE VASOMOTOR CENTERS 
Evidently two antagonistic types of sensor) fibers so affect the vasomotor 
centers in the medulla that normal tonus of the blood vessels is maintained 
These are (1) the depressor fibers which when stimulated, carry impulses 
inhibiting the vasoconstrictor center and stimulating the vasodilator center, 
causing the vessels to dilate and the blood pressure to fall, and (2) the 
pressor fibers which excite the vasoconstrictor center and inhibit the vaso- 
dilator bringing about an increase in blood pressure 


DEPRESSOR AND PRESSOR NERVES 

Nerve fibers, originating in end organs similar to the stretch receptors of 
tendons and functioning as sensor) depressors, are present in the walls of the 
arch of the aorta and of the carotid sinus The carotid sinuses are enlarge 
ments on the carotid artery at that point where it divides into external and 
internal carotid The receptor structures are stimulated bj blood pressure 
in the carotid artery, and cause impulses to be conducted over the afferent 
nerve for the reflex (the glossophar) ngeal or ninth cranial nerve) If the 
pressure rises, more impulses pass to the vasodilator center and excite it 
while simultaneously they inhibit action of the vasoconstrictor center Thus, 
vasodilation occurs and a decrease m the peripheral vessel resistance and the 
pressure tends to fall back to normal or near normal At the same time, 
some of the impulses get to the card, o inhibitor center which causes the 
heart rate to decrease Tims we have a protectnc device which operates 
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reflexly in preventing too great a rise in pressure If, on the other hand, 


.Gloiicpha yngtol 


pressure falls in the carotid sinus 
{ewer impulses pass over the afferent 
nerve As a result, the vasodilator 
center is inhibited the vasocon 
stnctor center is stimulated and the 
cardio inhibitor center becomes less 
active, the net result is a rise in blood 
pressure 

This mechanism is especially im 
portant to the brain since the blood 
vessels in the brain do not constrict 
or dilate to any great extent The 
central nervous system is contained 
within a rigid bony case, and 
therefore, cannot expand or shrink 
too greatly without serious damage 
The carotid sinus, therefore, is placed 
advantageously m that it guards the 
brain against pressure increase in the 
manner described 1 1 also assures an 
adequate blood supply to the brain 
and compensates for the fall in pressure taking place within the carotid 
artery when one stands up suddenly The delicate mechanism of this re 
flex thus has a part in aiding man to maintain an upright position 
The effect of rise in blood pressure on the carotid sinus end organs can be 
shown experimentally by exposing the carotid sinus of a dog with a part of 
the artery and the nerves intact If Ringers solution under high pressure 
is passed through the carotid sinus of the dog the pressure within the 
circulation falls below normal but rises again when the pressure within the 
sinus returns to normal 

Pressor fibers occur in all afferent nerves therefore an afferent nerve if 
stimulated produces a nse in blood pressure Impulses are then earned to 
the medulla from which point they stimulate the vasoconstrictor center 
and inhibit the vasodilator center 



The carotid sinuses carotid bod cs 
aortic bod es 


CONTROL FROM HIGHER BRAIN CENTERS 
The hypothalamus has some control over the vasomotor centers in the 
medulla and the acccssorv or subsidiary centers in the cord It will be 
recalled that the hypothalamus is the center for heat control thus the dis 
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coverv that stimulation of the posterior hypothalamus causes vasoconstriction 
and increased pressure is not so surpnsing 
It has long been known that mental excitement can influence blood 
pressure This may be caused m two ways either the fibers may lead from 
the cortex of the cerebrum directly to the vasomotor centers m the medulla 
or thev may reach the centers bv way of the hvpothalamus 

CHEMICAL CONTROL OF THE VESSELS 

Although the carotid sinus and the walls of the aortic arch contain end 
organs sensitive to pressure change onlv, other structures nearbv respond to 
certain chemical changes in the blood These the carotid bodies and the 
aortic bodies occur in close association with the carotid sinus and the aortic 
arch (Figure 230) 


EFFECTS OF OXYGEN DEFICIENCY 

O xv gen lack or deficiencv in the blood stream affects the end organs of 
the aortic bod\ and reflexlv increases blood pressure bv wa\ of v asoconstnctor 
centers in the medulla This center is also affected directh bv an o\\gen 
deficient During asphvxiation the blood pressure of an animal rises 
sharply, especiallv just before death then it drops suddenh and the animal 
dies Tire lack of ow gen reflexlv causes constriction of the artcnoles 

Thus, bv greater pressure and bv more rapid blood flow, the various 
mechanisms attempt to obtain oxvgen to compensate for the lack in the 
blood stream 

Ox-) gen lack also affects the capillaries dircctlv causing them to dilate 
and become filled sv ith blood Tins along with the increased pressure due 
to extreme artenolc constriction results in an increase m the pcnncabihh of 
the capillars walls so that, in asphjxia the blood proteins can pass through 
readiK At death however both capillaries and artcnoles constnct 
forcing the blood back into the larger vessels The absence of blood in 
the smaller vessels causes the pallor of dcalli 

EFFECTS OF EXCESS CAREON DIOXIDE 

Carbon dioxide excess has about the same end results as oxvgen lack 
Consequcntlv an merevse of carbon dioxide in the blood stimuhtes the 
end orrans in' the carotid bodies to send impulses to the vasoconstrictor 
and to the catdioacecleralor ccnlets resulting m a nsc in blood pressure 
Carbon dioxide also has a direcl effect upon capillaries an excess causing 
dilation \ sufficient increase in concentrahon will also cause dilalion of 
the vtcnolcs 
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It is obvious that both oxygen lack and carbon dioxide excess play a 
\er> important role in the shifting of blood into active tissues Both con 
ditions stimulate the centers in the medulla to produce a general artenolar 
constriction, although in active areas, such as muscles during contraction, 
they have a direct effect on the arterioles and capillaries, producing local 
dilation 

The effects of carbon dioxide or ox)gen can be demonstrated bv means 
of the exposed carotid sinus with carotid bodies and nerve intact If fluid 
without ox) gen, or with excess carbon dioxide, an excessively acid fluid, is 
passed through the preparation, the blood pressure increases, comerseH, if 
an alkaline solution is used, it decreases 
Carbon dioxide is also an important factor m respiration and will be 
discussed from that point of view later (page 396) 


EFFECTS OF CARBON DIOXIDE DEFICIENCY 


A decrease m the carbon dioxide concentration in the blood has pro- 
nounced phjsiological effects, the vasodilator centers being stimulated and 
the vasoconstrictor centers inhibited, at the same time, the cardio inhibitory 
center is stimulated Consequent!) , the heart rate decreases and the blood 
pressure falls 


Thus, in spite of the fact that ss e breathe to get nd of carbon dioxide, some 
of it is essential for a proper tonic condition of the s oscular bed as a whole 
I his is done bs means of reflexes through the medullan centers and also 
In direct action of carbon dioxide (or aciditj ) on them ' 

In forced, deep, rapid breathing sshilc the body is at rest, the effects of 
carbon dioxide deficiency can be noted Under these conditions, the carbon 
diox.de „ eliminated rapidly (the oxxgen tension remains about the same) 
and is decreased cons, deni, K the blood stream 1 he blood pressure falls 

i™ d ?T d ‘" 5 T" P'°P« pressure for its blood supply, may 
partis deposed of it Hie person concerned may become scry dim and 
.nation, I, or mas lose consciousness Of course, tins happens 01. Is sshen 
one forces his breathing order to eliminate considerable quantities of 
snrbon dioxide from he blood dnrmg exercise sshen large amounts of carbon 
d oxide are produced breathing becomes sapid, natural], , order to get nd 

of the excess b 


EFFECTS OF HORMONES 

Isso hormones are of especial , nicest connection ssith sasomotor 
action The medulla of the adrenal gland secretes the hoimonc adrenaline, 
or epinephrine, ssluch, sshen added to the blood stream in small amounts 
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has an effect similar to that produced b\ sympathetic stimulation The 
arterioles in the abdominal organs the mucous membranes, and the shin, 
constnct, whereas the artenoles in the skeletal muscles, and the coronary 
arteries dilate The extract pituitrin, from the posterior lobe of the 
pituitary bod), when injected into the circulation m appropriate quantity, 
also causes a rise in blood pressure by constriction of the artenoles of the 
systemic circuit Houexer, the effect is not so pronounced as that caused 
by adrenalin 

ADDITIONAL READING 

Wiggers, C J, Physiology of Shock (Cambridge Hanard Urmersity Press 
1950) Detailed consideration of shock symptoms and possible causes 
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carbon dioxide is produced The equation for the oxidation of glucose 
which is characteristic of carbohjdrates, can be gnen as follows 

CJI..O. + 60, » 6C0, + 6H„0 

„ _ CO, 6 

since RO = = — 7 - 

U, 6 

RQ = io 

Fats take much more o\)gcn per molecule for complete oxidation than do 
carbohsdratcs consequents the RO is found to be much less than io, 
usualls about 07 lor example, the fat stearin which has the formula 
C„ II llo O„ is oxidized as follows 

C11.C00C„1I M 

1 

; CII J COOC„U„ + 1650, > 114 CO, + no 11,0 

CI1,C00 C„U„ 

Stcann 
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muscle chemist!), including nil of the reactions involved m energy production 
for and during the contractions The onl) reaction requinng oxygen in 
muscle metabolism is that occurring after its contraction, that is, the oxida 
tion of lactic acid However, since this oxidation is the final limiting factor 
m the metabolism of the tissue, it must tale place if the tissue is to mam 
tain its activ it} over a period of time 


DEVELOPMENT OF RESPIRATORY SYSTEM 

Plant cells respire in the same manner as animal cells, they require oxjgen 
and must rid themselves of carbon dioxide In daylight, however, green 
plants appear to utilize carbon dioxide and eliminate ox)gen This is due 
to the process of photosynthesis b) means of which the plant manufactures 
carbohvdrates from carbon dioxide and water by the action of sunlight on 
the green chloropli>lI Ox>gcn is released and carbon dioxide utilized during 
the activity at such a rapid rate that the whole process overshadows the 
opposite exchange of these gases that tales place during respiration In 
other words, respiration and photosynthesis occur at the same time (during 
daylight) in the green plant but the latter process is most evident In the 
absence of light, photosynthesis docs not occur and the respiratory processes 


are most e\ ident , , , 

In the lower imertebrate animals, gaseous exchange is not a complex 
problem Amoebae and other Protozoa, and the cells of sponges, coelen 
terates, flatxxorms and round worms, exchange these gases directly with the 
water enxironmcnt surrounding them The oxygen content o the r s 
normally lower than that of the external medium with the result that ttee 
is a constant diffusion of oxygen into then, Thus, as long as an animal 
is small enough to allow its cells to come into d.rec contact with the en 
vironment, there is no need for special respiratory mec amsms 

In the echmodcnns, since metabolic processes go on do. ly, here no 
need for great quantities of oxygen Howexer, the n— ; ayers of 
cells found in these animals necessitate ‘he tn. nsport of some oxygen by 

way of a water xascular system ^“““hmentary^ Lai, -s inter 
cucumbers, a much branched outgrov . ....u. ,» 

nuttently filled ^Tnd "otte members of tins group also 

obtain 'oxyger^ through the respirator, papillae finger hie eiag, nations on 

the body surface arising from *ecoelom,ccav^^^ melhods of obtaining 

Among the annelids a . , „ hltss Un Capillaries arc found 

oxygen The earthworm S gen t)ll!S dlftac s int o the blood 

m great numbers near the surface, and oxxgen 
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directly through the skm Although the earthworm is an animal that lues 
sloivlj, its metabolism is much greater than that of the echinoderms In 
fact, the need for oxygen is sufficiently great to necessitate the presence of a 
respiratory pigment (an oxygen carrier) in the blood stream Some annelid 
worms have gills, special organs so densely vascular that most of the oxygen 
absorbed by the body finds its way into the blood stream through their 
capillaries 

The tracheal system of the insects has already been mentioned (page 274) 
as an exceptional type of respiratory system The tubules, becoming pro 
gressively smaller as they proceed to all parts of the body, carry oxvgen 
directly to the tissue cells, thus eliminating the need for gills or lungs How 
a the crustaceans (crabs lobster, and crayfish) also of the phylum 
r ropo a, possess gills and ha\e a respiratory pigment (hemocyanin) 
winch unites with oxygen in thegills and gives it up in the tissues 
, ,, e ° ree ° vascularization of a respiratory organ seems to depend upon 
com ' ns°„ r n0 f Y h r m "! al 3 water breathed or an ■ a,r breaker ' In a 
dcree of if l^ a " d s,ugs w,th " a,CT snails, one finds the highest 
are much IOn tIlC land anima,s Their moist mantle cavities 

thus enahlt \ Sl !. PP ied capiHanes than those of the water snails, 

than the Matter t ,C ' t0 S-s more readily 

Gills 

waiter'msM lnta'lh* lCr | ebrates brea,he b y means of gills In fish, the 
coninlZ « f T and » f ”«d over the gills This is ae 
and the maxV 5 i * f. allcn,ate opening and closing of the operculum 
he s 1 m ' Y C (F ' S " re 2 3‘ > ^e gall structure is fundamentally 
surface c m Y T Z °‘ lhc ^ Many capillaries occur on the 
capillaries , " Y ant Icd co,or Wood that flows into these 

dorsal aorta ' CC ° mtS 0 ’ i 'e enatcd and in the fish passes into the 

us^s™^' hC " ,r0U8h,hCllAln thc mud hopper of the East Indies 
strctcll oM iZ a rap,ral0r5 0r S™ a " d "ae eel can migrate ovc, wide 
Z silcc USC ° f “ S 10 ab *°' b ox J S cn over most of its 

It is diJYf" S °i mC bsbcS 1cl as accessory organs of respiration 
efficient than airVrZiniTb'”'" bna J h ," ,B lhr0Usb 6, " S ,S mut:l ' m ° rC 
dissolved in water ,, much Ls th'ZT gS TllC , am ° unt ° f °' }SC ” 

rlitflcd tin* ii,. .rc. 5 s * Hnn ^ ,c ov 'S cn m air, therefore, it was con 
,cnc ) °f the gill would ha\e to be greater since the fish 
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obtained all the owgcn it needed under these circumstances Actually 
however, all respiration is aquatic The owgcn m the lung must dissolve 
in, and pass through, a rclatnclj thick water) la)er or surface film It is 
therefore comparable to diffusion into the capillaries of the gill 


TOP VIEW SIDE VIEW TOP VIEW SIDE VIEW 



Some fishes, because of the.r partial migration to land base ^'eloped 
saclike structures that fnnetron as lungs although these pec.es also etam 
their Bills The lunghhc organ is the more highly developed of the two 
structures but, as pofuted out previouslyfundamen tally both unction in 
v T irr always imbedded deeply within the body ot 
the same manner Lnng^ arc Mways : ^ ^ ^ diffusion of 

organisms because a moist surface is esse 

Sa ™ , , ex unDles of a transformation from gills 

The amphibians are excellent .. !\ Duppy have gills throughout life 

to lungs Some of them such as t P PB- fh roughout l lfe and 

some, such as the axolotl have bo 1 J J ^ ^ t]iem d|mng 
others such as the frog hare : gdl ■ Thesc lungs 3re , e rv 

metamorphosis when lungs devetop P 1 ^ ^ thoJe of thc l ung feh 
primitive and saclike, althou h m orc sur(ac e n0 bronchioles 

Many partitions occur in the frog i 8 8 ® ^ othH amphltolH also de 

are present, however (Tigure =3-1 * through the skin Because 

pend to a large extent upon intercl „ g salamanders 

of this abilih some amphibians among them 
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can continue to live without either lungs or gills The axolotl survives after 
both lungs and gills are cut off In the frog about one third of the total 
ox) gen and three fourths of the carbon dioxide 
exchange takes place through the skm, however, 
it occurs onl) if the skin is moist (covered with 
water) Thus frogs can remain under water for 
long periods of time but if allow ed to escape into 
a drv room without access to water, the) soon die 
the skin becomes drv and prevents most of the car 
bon dioxide from passing from the bod) 

The frog takes air into the buccal cavit) b) wav 
of the nares and b) movement of the floor of the 
mouth The nares are then closed and the air is 
FIGURE 232 “swallowed or forced into the lungs This air, 

Lung structure m the frog sl,rred "ell b) movements back and forth from 
mouth to lung, can be used ov er and ov er by the 
frog, the valves m the nares preventing its escape in that direction 
Birds have a unique respirator) mechanism Man) air sacs lead from the 
well developed lungs into the bones and other tissue areas In addition 
to being a part of the respiratory s)stem, these air sacs function also in making 
the birds more buoyant 



The Mammalian Lung 

In mammals, air passes through many structures from the nasal cavitv to 
t le functional units of the lung In the nasal cavit) it must pass over the 
respirator) epithelium, a la>er well supplied with small blood vessels that 
warm t le air before it enters the lung The surface, exposed to the air, is 
made larger by means of conchae (Figure 123, page 207), shelfiike organs 
partly supported by the turbinate bones Recent vv ork lias show n that not 
onlv will the respiratory epithelium warm the air but it will also cool it, if 
the temperature of the air is higher than that of the blood Thus dry air 
that enters the nose at 212 degrees F ,s reduced to almost body temperature, 
that is, about icx> degrees F by the time it reaches the lower part of the 
pharynx 

From the pharynx, the air passes into the larynx, the upper part of the 
trachea, commonl) called the soiec box About trselre centimeters from 
the larynx the trachea branches into two bronchi, the right dividing into 
three smaller branches and the one on the left into two branches These 
branches divide into mans smaller branches (bronchioles) finallv burning 
terminal bronchioles leading dircctls into respiratory bronchioles which in 



The mammalian lung and its associated 
stmetures 


Ah eoli and blood capillaries in the 
lung 


turn, lead to the ah colas ducts and then to the alveolar sacs A few alveoli 
lead off directly from the respirator; bronchioles and gaseous exchange can 
take place although these bronchioles function chiefly in conducting air to 
the alveolar ducts and sacs The alveolar sacs are made up of man; alveoli, 
the functional respiratory units of the lung The alveolar walls which are 
about 4 microns thick, permit gases to pss to and from the blood ' g 

the many capillaries immediately surrounding t e a veo i The total 

mated that 750,000,000 alveoli are present m the human body 1 ltaWd 
diffusion area in an average man is about 100 to 125 s 9 ’ a K eol, 

mately fifty times that of the skin surface During .nsp, t on th abed, 
the aheohr sacs and ducts, and the respirator, M ^ ddafo The 

larger tubes of the lungs do not dMng ' d theVresence of cartilaginous 
cartilaginous walls make them rather g , ^ pressure the 

rings render the trachea and t0 a „ 0 „ food to pass down 

trachea, the rings are open at the back h „,thout too much 

the esophagus, vvh.ch lies d.rectl, ***** ■ are complete In 

interference from it In ‘^"^ginous plates take the place 
the very small bronchi and bronch , b ^ ncl|lo|K however 

of the rings, no cartilage is found 
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Smooth muscle occurs in the walls of all air passages including the alveolar 
ducts. It seems to be most abundant and effective in the terminal bron 
chioles, where, if the bronchioles contract fully, complete constriction may 


FIGURE 235 

Cross section of trachea showing lo- 
cation of cartilaginous half rings. 

occur, pre\enting free air passage. Ciliated epithelium lines the trachea, 
bronchi, and bronchioles. The effective beat of the cilia is always toward 
the pharj n\, much foreign matter and mucus being carried out of the lungs 
in this manner. 

The Plcurot Cavity 

The pleural cavity, located in the small space between the lungs and the 
inner thoracic walls, is lined with an clastic connective and epithelial tissue 
membrane, called the pleura. The pleura completely surrounds the lung 




FIGURE 236 

The thoracic cavity with the 
pleural rarity exaggerated for 
clarification. The left lung has 
hecu collapsed by introduction 
of air into the pleural cavity. 
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except at the entrance of the blood \esscls bronchi and nerves at which point 
the picun folds back on itself and lines the thoracic w all Thus it is a con 
tinuous membrane in the form of an imagmated sac That portion co\enng 
the lung is referred to as the usceral pleura, that attached to the thoracic 
wall the parietal pleura The space between them is extremely small and 
contains onlj a fas drops of fluid that acts as a lubricant Because of the 
negatnc pressure contained therein the pleural cavitj is ne\er seen except 
upon closest examination Ilouacr if an opening is made into t e ca\it\ 
the lung collapses and the cawti is more cudent (Tigure ,6) 


THE MECHANICS OF RESPIRATION 

During Oldman inspiration at rest, all mm enacts are actnc rn that the, 
require muscular contraction Expiration or the passage o air ou o 
lung however, .s usualk passive bang s.m P l 5 the result of relaxation of the 
muscles imolved in inspiration 


focVbona 
\ tnte cotlol 




FIGURE 237 

Dagnm ill stratmg respin 
fory mo\cments of ribs 


talc nlace mtliout one being aware 
Ordinary quiet breathing mm |Icd eu p„ m ind is accomplished 

of them ^^P c “ fb '“*“ g orhboic d breathing is called dyspnea 
with ease and comfort ^ breathing cannot be earned on with 

a person is said to be dysP”'*' f , nca bu t that appearing in mdiuduals 
ease There are \ ar) mg deg ) be duc t0 suc ], conditions 

at rest or after mild «»«■" ^piraton discuses 
as heart disease anemia nep B n temporal cessation of breath 

Apnea meaning . dlira , lon ,t mu list for half a minute or 

mg Although usuall) of [oICC<1 rjpld deep brcithmg Tile rca 

e\en more after sexeral min dcsirc t0 breathe will be made apparent 

son for this temporarj lick 0 d|0V|de in <l other gases on breathing mwe- 
later when the effects of car . » t0 n decrease in carbon dioxide ten 

ments are studied Apnea is 1 11 

sion in the blood ^ d|C of nr breathed per unit time 

Hyperpnca is in '" crc1 “ o( Polypnea means increase in 

as a result of increase in P 
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rate of breathing These two types of breathing usually occur together 
They may be produced by an increase m the carbon dioxide of the blood 
brought about by exercise, by impulses from the cerebral cortex caused by 


EUPNEA HYPERPNEA APNEA DYSPNEA 

f 1 1 ' II * \ I * 1 



FIGURE 238 


Record of s anous types of breathing mosements 
perpnea {deeper breathing), apnea (no breathing), 


Eupnea (normal), hy 
dyspnea (forced breath 


emotional upsets, or by stimulation of 
or extreme heat or cold 


sensorv nerscs, such as those of pam, 


PERIODIC BREATHING 

ra P‘ ra '‘°" an '"seven form of breathing and vanes with differ 
i 1,' 10nS le most common, Cheyne Stokes respiration, is charac 
~ T °. h ' pct P nca followed b; one of apnea, each lasting 
it lnrli n i. C , 1 ° ln , C lmeS l Jr£ ‘atll"lg of this tjpc occurs normallv 

at lng altitudes, during exorcise, and ,n ccitani animals, such as the 
gmundhog during hibernation However, it ,s usuall; the result of some 
serious malfunction, espcenll, that sustained advanced heart and renal 
disease, in severe pneumonia, creased intracranial pressure, and ,n narcotic 
po, soiling, su el, as moiplimc poisoning I, append to be the ducct result 
of a decrease in the sens,,,,,,; of the neurons the respuaforv center to 
carbon dtox.de; consequent!, lung ventilation „ reducer! and the oxvgen 
tension the alveol, and blood decreases Tins oxvgen dcficiccv acts ns a 
stimulus to certain chcuiorcccplots the euculatora vessels and final!, ic 
suits in a gradual increase in breathmg ntc and depth (Tigurc 239) As 
soon as the oxsgcn lack is satisfied temporary ™d Hu. carbon dioxide is 
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lowered to a certain lc\el by the increased ventilation apnea follows These 
alternating conditions are repeated over and over 



FIGURE 239 


Record of Cheync Stokes 
hyperpnea (about 35 sees ) 


respiration (periodic respiration) A period of 
followed b} a penod of apnea (about '5 secs ) 


MOVEMENTS OF THE THORAX 

At inspiration, the thorax by moiements of the nbs steimm 
and diaphragm is enlarged in three directions along its mhcal ' 3t ™ ' 
dorsoventral planes TTe increase rn the rert.ca P toe - 

by contraction of the diaphragm, a strong dome s ape , , , | 

. c j.l_ ti.fjrncic cavitv from those of the abdominal 

separates the contents of the «'° ra ™ “ r lt flattens out and 

cavity When the diaphragm contracts ( gu 't / 



FIGURE 2« 

ot the duptagm dunng csp.urtrm and 

inspiration 


thom Each half of the diaphragm is rn 
increases the capacity of the n o , f onc of thc ncn es is cut, 

nrnated by its corresponding phre ^ ^ aml , ,f both arc cut, 

one half of the diaphragm ‘ ^ mM ,lj fatal since the amount of 

it becomes entirely paralysed, a co ( ^ Jld of contraction of thc 

air that can be taken into the lu g 


diaphragm is inadequate 
The increase in the transverse an 
bj moiements of the ribs upward 


donor entral direction is accomplished 
f costa! breathing) The ribs increase 
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progressively in length from the first to the seventh inclusive, each being 
attached to the sternum by cartilage The eighth to the tenth ribs, in 
elusive, decrease in length progressively, their cartilages uniting before union 
with the sternum The eleventh and twelfth ribs are not attached in front 
and therefore are useless in respiration 
Two sets of intercostal muscles connect the ribs with one another The 
external mtercostals extend diagonally between the ribs, dow n\\ ard and for 
ward, with the result that when they contract, the nbs are pulled upward 
(Figure 237, page 383), and inspiration is partly accomplished Inspiration 
usually mvohes many muscles including those of the chest, diaphragm and 
nbs The internal mtercostals ninmng m an opposite direction are co\ered 
in front by the external When they contract, the nbs are drawn down 
ward, they, therefore are functional in expiration, although during ordinary 
quiet respiration they probably do not function It was pointed out above 
that expiration is usually a passive process m which the pull of grant} and 
the recoil of the tissues of the thorax play a part Muscular action enters 
into the process when expiration becomes forced, as in exercise and certain 
diseases, in which cases the internal mtercostals are involved 
Ordinary quiet breathing in human males is chiefly diaphragmatic, or 
abdominal, which, as the term suggests, simply means that the increase in 
the capacity of the thorax is accomplished by alternate diaphragm contrac 
tion and relaxation, at the same time the abdominal wall alternately bulges 
and flattens out 

In the past when women were prone to wear tight fitting clothes they 
were forced to depend largely upon costal respiration Change of fashion 
and abolition of the corset allow the assumption of the more natural and 
efficient abdominal type of breathing However, even under normal con 
ditions breathing is less abdominal in women than in men During preg 
nancy, costal respiration is much more prevalent than abdominal 

THE PRESSURE CHANGES 

A distinction must be made between the pressure changes in the lung 
intrapulmomc pressure, and those m the pleural or thoracic cavity, 1 ntra 
pleural or intrathoracic pressure 

The intrapulmomc pressure can be measured rather easily by closing one 
nostril and inserting a rubber tube which is attached to a manometer into 
the other Dunng quiet breathing a negative pressure of 2 or 3 mm Hg ,s 
registered at each inspiration and a similar positive pressure is noted for each 
expiration If the air passages arc constricted, or obstructed in some way» 
these pressures mav become much greater Thus m forced inspiration, the 
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intrapulmonic pressure is decreased to as much as — 80 mm Hg a forced 
expiration, such as is eudent in asthma, may bring about as great a pressure 
as -f-ioo mm Hg 

The pressure within the pleural cavity is normally always negative or 
subatmospheric and, for this reason the cauty is practically nonexistent 
The change in \olume of the thorax during inspiration is owing entirely to 
the air that is drawn into the lung cavity 



Record 

r m "“ ,y 
(atmospheric pressure is talen as zero) 

To measure mtrapleural pressure a mammal, a needle 
manometer may be inserted carefully between the nbs *°™“ c 

nail into the pleural cavity During mspnahon, the ' 

Pleural earth « about -to mm Hg and it remains 
expiration (about -,mm Hg) Lovvn a! 

Normally, the lung 

is alwa\s expanded to some extent 

THE ORIGIN OF THE SUBATMOSPHERIC PRESSURE IN THE PLEURAL CAVITY 
mt origin OI , . nn i. a s l, £ ht subatniosplicnc or 

Immediatelv following birth tta } yj,, chl1d aulcnth the 

negative pressure in the pleural cautv ot me ul 
subatmospheric condition de\ clops gra m s 
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The lungs of the unborn child contain no air They are completely 
collapsed but, at the same time, along with the heart and other structures 
they fill the thorax, which does not expand until the first breath of air 
is taken at birth The thorax then remains expanded throughout life, and 
the lungs never again lose all of their air 
The fact that the lungs are practically solid before birth (the spaces are 
not evident until after air has entered them) enables one to ]udge whether 
or not a child has died before birth The lungs of a stillborn infant will 
not float whereas those of one that has died after birth will float even with 
the heart attached This fact is utilized in legal proceedings 

THE VOLUME CHANGES 

The volume of the thorax increases when the external intercostal muscles 
and diaphragm contract and, simultaneously, the intrapleural pressure de 
creases still further below atmospheric pressure A truly evacuated space 
is never formed in this cavity, however, because the lungs fill up the space 
as rapidly as it tends to form Thus the negative condition is passed on to 
the lung cavity and consequently air rushes into the lungs At expiration 
the tissues return to their original state because of their elasticity, and air 
is forced from the lungs 

With each normal inspiration and expiration, the volume of air that 
enters and leaves the lungs in the average adult male is equal to 500 cc , it is 
known as tidal air The lungs have a reserve capacity with the result that 
air can be taken into them over and above the tidal air, this is called compfc 
mental air, and may average around 1500 cc with greatest inspiration The 
volume of air that can be forced from the lung after a normal expiration is 
the supplemental an which averages about 1500 cc The sum of the tidal, 
complcmental and supplemental air is the vital capacity which totals about 
4500 cc in men, in women, it is about 3200 cc Some air remains in the 
lungs even after the most violent expiration, it amounts to about 1000 cc 
and is called residual air This, with the supplemental air, makes up the 
reserve air The residual air never leaves the lung except when the lung is 
collapsed, but even then some of it is caught in the alveoli bj the collapse of 
tlnn walled bronchioles, this is called minimal air 
In humans, at birth, the rate of respiration is very rapid, even at rest— 
between 40 and 70 times per minute With age, the rate decreases, at one 
year it ls about 35 to 40 times per minute, at five years, about 23 times, at ten 
vears, about 20, and at twenty five, about 16 to 18 
Since the ascrage adult during quiet respiration breathes about 16 to iS 
tunes per minute and 500 cc of air are taken 111 at each inspiration, about 






AFTER 

NORMAL (TIDAL) 
EXPIRATION 


Volume changes in the lung dunns '^"“^““'an/res.dual a.r ate 

expiration and forced expiration 1*®“ a,r 5 " 
represented by different degrees of stipp'mg 

, , ,ji ir f i,- n men— about two to four more 

Women breathe a little more "P ac(u allj the lolumc 

respirations per minute, but their tidal air is - 
breathed per 24 hours is less than that breathed b) men 

LUNG VENTILATION 

1 ,1 _ -Laniir sacs and alveoli is the air 

Tlie ahcolar air, or that within th ^ ^^ngc 0 f gases tales 

phniologtcallj important m lung ten la: ^ ^ ^ ^ cn|nlng „ I( , 

place in these small chambers ^ „,tl, the blood but mcrcls 

lungs docs not function m , tnlctl ucs of the lungs, such as the 

functions in filling up the access t> „ 1C rf M1 f space on and is 

trachea, bronchi and bronchioles . ^ |nf0 { | |C j„ ng , at 

equal to about 1 ;occ Since about 500 cc otaira 
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each inspiration only about 350 cc of it is actually used m ventilating the 
aheoli 


ARTIFICIAL RESPIRATION 

Sometimes in experimental work with animals, it becomes necessary to 
apply artificial means of respiration in order to keep them alive, also it is 
occasionally necessary to applj artificial respiration to humans in whom 
iespiration has ceased because of drowning, electrical shock, asphyxiation 
by poisonous gases, or pressure on nerve centers in the medulla 
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RESPIRATORY ORGANS 
Methods used on in experiment'll animal differ from those used on human 
beings Tor example, an animal that his been overanesthetized may be 
treated by means of a special pump A cannula leading from the pump is 
attached to the trachea and air is pumped into the lungs rh) thmicilly are 

must be taken to imitate the normal rate and depth of respiratory move- 
ments Too great a ventilation ma> rupture some of the alveoli and may 
be almost as injurious as too little U1 

In humans even greater precautions are necessar) ttemp s s iou 
made to nd the respirators passages of mucus and water or any other ob 
struct, on before procccdmg «.H. the art, fiend resp.rat.ou The so called 
Schaefer method w as formerly emplored but more recently ttalMg* 
Nielsen method has eome mto use The procedure for dm me I od s o 
place the suh,ect » a prone pos.hou as shown '‘ 0 

fumed to one stde The mouth should he cleared of ^ “ “d '.e tong e 
drawn forward The operator tabes a posh, on '" ^lunas as the 

hands placed on the sub|ect s ^ B ^ t on the sublets baeb 
operator slowly roebs forward to p S toward 

Then pressure rs released and the arms of Oh s «£* T hl$ results 
the operator unt.1 tension “[ pa ns,on of the thoracic cav.ty The 

about tvv elve times per minute 

ADDITIONAL READING 

Fulton , r Testboob »< ***** ^ ' d <" 19!0> C " ” 

Mechanics of respiration , p, es p„alory Mechanisms (Huh 

hrugh A >940 chs 4 5 6 8 Re 

delphia University of J mvertebrates 

sp ratory function of vertebrates an 
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Tlie Regulation of 
Breathing Movements 


The body has several means bj which the rate and depth of respiration 
may be controlled mvoluntanly It is common Xnovvledge that one can 
also control the rate and depth of breathing soluntanly However the 
breath can be held for only a limited time after that one must inhale again 
in spite of all efforts to beep from doing so Obviously one cannot commit 
suicide in this manner since some mechanism actually forces the contrac 
tion of the rib muscles and diaphragm so that breathing movements occur 
involuntarily This mechanism consists of the stimulation by carbon diox 
ide of the breathing centers in the medulla so that nerve impulses are carried 
over the nerves leading to the rib muscles (intercostal muscles) and dia 
phragm 


Both voluntary and involuntary movements are important the former 
are essential in speech and other higher human activities whereas the latter 
are essential to proper oxygenation of the blood Control is through the 
central nervous system as might be expected Since the muscles of the 
diaphragm and ribs are striated and are innervated by way of the central 
centers' S ^ >Cm re S" Ia,10n must be a function of one of the higher brain 


THE tTERI NG BREUER OR LUNG REFLEXES 

of impulses' O tis' rcfle ^ rc gulation of respiratory movements is the result 
vvhich'vvered „ 6 'a '!* ,l,cmscI 'es hence the term lung reflexes 
in the hmt? " . ab0Ut C,8l,t > “SO b, Henng and Breuef 
while the In 8 T* " luc| i arc stimulated by stretching Therefore 
at d to a T I™ 5 K ' f,alCd ^ ms P ,red ah these receptors are St, mu 
ova.heirseZr 15 ' «■* » the rate of impulse discharge 
(he inflation n nCnCS sens ory) leading from the lungs increases as 

m mde snmd 7? ‘ S >° «' a * which stimulates the 

mutclc spindles of stnated muscles so essential maintaining normal pos 
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mitted to the vasomotor and the cardio inhibitory centers m the medulla, 
causing a dilation of smaller vessels and a slowing of the heart rate respec 
lively This is called the carotid sinus reflex and because of it, the blood 
pressure is lowered 

The respiratory centers are also affected by impulses from the carotid sinus 
receptors, the depth of inspiration being diminished by an increase in blood 
pressure 

One can prove by exposing one of the sinuses of a dog with its nerve supply 
intact that the carotid sinus functions in this manner The pressure in this 
sinus can then be \aned at will by passing fluid through it under greater or 
lesser pressure, although the pressure remains constant and normal m the 
rest of the body If the pressure is increased by this method, the respirator) 
movements become very slow and shallow and may cease for a few seconds 
The value of this reflex is not entirely clear but the evidence seems to in 
dicate that as the blood retains more and more of its carbon dioxide if its 
excretion has been retarded by some means, the capillaries tend to dilate be 
cause of the direct effect this gas has on them Blood pressure is lowered 
by the dilation, consequent!), through the carotid sinus reflex respiration 
is stimulated However, the carotid sinus reflex seemingly has only a ver) 
slight effect upon respiration under normal physiological conditions 

CHEMICAL CONTROL OF RESPIRATION 

During sleep or unconsciousness, such as in fainting, our breathing move 
ments continue and as already pointed out, e\en when voluntary attempts 
arc made to restrain these movements involuntary regulation forces the in 
spiratorv muscles to contract As noted previously, the centers for rcspira 
torv control must lie in the central nervous system, it is now known that 
these centers located in the medulla oblongata, consist of functionally mte 
grated groups of neurons, in which the nerve impulses leading to the respira 
tor) muscles have their origin These neurons are stimulated by carbon 
lOMdc the number of impulses depending upon the concentration of carbon 
dioxide at the center 

The approximate location of the centers may be proved by destroying 
NIC brain of a mammal, little by little, beginning at the anterior end It 
u Sound that respiration is not abolished until after the medulla is destroyed 
! orma y, some impulses pass from the centers m the medulla, over the 
wcnc thoracic spinal nerves to the intercostal muscles, others pass over 
lI,c P' ,rcn,c serves to the diaphragm 

These centers can dev clop rhythms of their own They arc not dependent 
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upon afferent impulses bv wa) of lung receptor or carotid sinus, but respond 
to direct chemical stimulation 

The respirator) rlnthm persists cien in the head of a dog w hich has been 
kept alne after decapitation b) perfusing through the blood vessels in i s 
head, blood from another animal It is eommonh known that the nostrils 
of most mammals open and close along with inspiration and expiration 
respectn els In the head, treated as desenbed rh, tlirn.cal mov ements of 
the nostnls occur, indicating that some substance ,n the perfused blood is 
affectine the centers of the medulla i 

A, so chemical receptors stimu.ated bs low 
dioxide pressure, or acidrtx, are present m t 

CHEMICAL CONTROL BY CARBON DIOXIDE 

n he stimulated directh either b\ 
Obsioush, theresp'raton ccU s be ^ ^ b( thc bIood 

their own metabolic products or bv P diffusion into 

The products brought b> the blood could have tneir eu 

the brain tissue , bods the carbon dioxide produced 

It is hheh that ,n the Emulation The sequence 

b; the brain cells the,nsel ' CS “ ' tl0 „ , s as follows carbon dioxide is 

of events m the regulation of • P inc|ndmg those 0 f the respirators 
produced in all active cells of m , he blood stream a greater 

centers Since some of this » m , hc respirators center before the 

concentration of it "°” ,d “ ]f respiration ceases momentanlv 

gas could diffuse into thc bloo ^ dmude of the blood 

as it does after eacli expire on through the lungs At the same 

tends to increase because it a” [hc ,ratorv centers will tend to 

time the carbon dioxide pro as m thc bIoo d stream Consequentlv 

concentrate there to the same » ^ medullan cells to carbon dioxide 

because of the great sensitm \ o ^ tQ fhe musc les 0 f inspiration 

the\ are stimulated and ran ( ^ cess ^rbon dioxide is carried out and 
At the succeeding expiration od d{mng vInch rC sptnition ceases, 

there is momentanh ano er ^ ^ concentration of carbon dioxide It 
until again there is an impl ,lses coming from stretch receptors 

has been mentioned alrca msp , ration Together these factors as 

of thc lungs comm, • = deptho ££ nom , al dcp H, 
sure a ihj thmic respirato ntltics of carbon dioxide are produced that 

During exercise, such grea llSSUC The excess increases thc 

much of it diffuses into renters to the respinton musclcs rc- 

xollexs of impulses leading from the cent 
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suiting in an increase in respiration rate and depth Also, if a person is 
made to breathe air with high carbon dioxide tension (pressure or con 
centration), the breathing movements increase 


ACTION OF CARBON DIOXIDE 

There has been much controversy over the question as to how carbon 
dioxide stimulates the neurons Some have claimed that it has its effect 
b } virtue of the increased acidity it imparts to the fluids in which it dis 
solves This view assumes that hydrogen ions are the means by which 
the respiratory cells are stimulated directly Carbonic acid which is formed 
when carbon dioxide dissolves m water dissociates slowly into hydrogen 
jons and bicarbonate ions Also, an increase in the acidity of the blood by 
tea dition of lactic acid is associated w ith an increase in respiratory move 
ments However, it is somewhat confusing to find that lactic acid, although 
stronger, is less effective than carbonic acid 
The more recent evidence is in favor of the view that carbon dioxide has 
adireet action on these sensitiv e cells of the medulla At least, it is probable 
that carbon dioxide diffuses into the cells, which are more permeable to 
\ 3n ,° l^ ro § en 10ns Thus, if it does have its effect indirectly by pro- 

ducmghvdrogen ions, according to this view it does so within the cell 

nc rate of blood flow through the vessels of the medulla influences 
rectory movements If the blood flows slowly, carbon dioxide ac 
^, in 4 ' c , 4lssue ar, d respiration increases, whereas, if the blood flows 
slower* 1C 031 ° n ^ IOX1( k ls remo ' e d rapidly and respiration becomes 

“°° d ' csse,s ate K ™t''c to an excess of carbon dioxide, dilat 
Thu dilTf "° l ? tCnS " ely - " l,h an “erase in carbon dioxide tension 
atliletex utw? t C 311 cx P lana tion f°r the so-called ‘second wind of 
suddenli nc ri” ” res P irator >’ distress during a contest and then find 
disarmear 4? '° TOrt "““selics, that the difficult! seems to 

Srsl- P l P x j .. a . rb ° n dl0xidl: c °nccntration in the blood increasing at 
n ’ ,, ** 5"? aCtl0n ,llc cc ' cb “l ' cssels, « ,th the result that the blood 
flow through the central area rs rncrcased bs Ihcr dilation, and, thus, more 
carbon diox.de mas be earned awai from that area 


CHEMICAL CONTROL tY OXYGEN DEFICIENCY 

il f C C j 3r0 * ld aad tbc aorl]c bodies contain clicmorcccptors, and 

he function of both in the control of emulation has ahead) been discussed 
However, the also phi a sen important role in ,|,c control of respiration 
The increase in the rate and depth of respiration at ]lIgll aIh t„dcs is well 
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known It occurs m spite of the decrease of carbon dioxide tension of the 
blood which is enhanced bj the ovenentilation of the lungs At sea lei el, 
if one should force himself to breathe as rapidlj as he breathes at high 
altitudes, he would become dizz) and might actuallj lose consciousness 
momentarily This overventilation clears the lungs of a large part of their 
carbon dioxide and, consequently a rapid diffusion of carbon dioxide from 
the blood occurs, which, in turn, affects the respirator center and lowers 


the blood pressure 

It is obMGUS, then, that the increase in breathing moments h'gh ahi 
tudes cannot be caused bj an accumulation of carbon dioxi c in t e oo 
However, chemoreceptors of the carotid and aortic bodies are sensible to 
low ox\ gen tensions, the former bodies, especiall), are instrumental in in 
fluencing respiratory moiements At sea level the tension o oxrgen m '' 
lung alveoli is equal to about .00 mm Hg pressure, at an altitude of fooo 
ft the tension decreases to about 6; mm At the same time the lung 
ventilation (liters of air per minute) increases from 76 liters at so 1 level 
to 8 6 liters at 8000 ft Evidently, as the oxygen deercases senson in, 
pulses via the glossopharyngeal 

medulla and cause an ‘""f “ J^ics m a mammal are cut. the animal 

If the nerves leading from the carot d ^ and ncn dtal|l> 

can be deprived of oxvg M os t evidence indicates that the 

with very little effect on r P • little significance as com 

chemorcceptors of the aortic bodv arc or very 6 

pared with those of the If!'' ^needed b> the tissues, should have an 
Tissue fluid, to S «PP Tins vanes, depending on the activity 

opgen tension of a -> this concentration in the tissues, the 

of the tissue ( 0rdcr pC r ,00 ec Tins is acquired from the 
blood carries abou rg iha\can oxygen tension of about 100 mm 

airofthcahcoliofthelun^ OX) S gcn t0 tIie tissues, or ,f the 
tissuK cinnot uhhrc'thathrmight to them, a condition o, anox, a ,s produced 
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fail to use the oxygen delivered to them by the blood stream In the first 
three types a low oxygen tension exists in the capillaries — a condition known 
as anoxemia In the histotoxic type however a normal supply of oxygen is 
present in the capillaries but the tissue cells are unable to use it 

CYANOSIS 

Sometimes a bluish coloration is associated with anoxia of the anoxic and 
stagnant types This is called cyanosis and is the result of a condition ot 
the blood that causes a rather diffuse dusky blue color to be imparted to 
the skin The bluish color first makes its appearance beneath the finger 
nails and on the ear lobes and lips The presence of reduced hemoglobi i 
(hemoglobin from which oxygen has beeii removed) above a certain definite 
amount in the capillaries produces this condition (reduced hemoglobin has 
a purplish color which imparts a bluish tint to the skin as it passes through 
the capillaries on the contrary oxyhemoglobin is scarlet in color) If 
oxidized hemoglobin has been dissociated to the extent that there are 5 g 
or more of reduced hemoglobin per 100 cc of blood m the capillaries 
evanosis appears This is about one third of the total hemoglobin of nor 
mal blood Howev er cyanosis w ould nev er appear m some types of anemia 
because the hemoglobin content is less than 5 g per 100 cc and there 
fore all of it could be reduced in the capillaries but the resulting concentra 
lion of reduced hemoglobin would be less than the essential absolute 
amount (5 g per 100 cc ) On the other hand there are conditions in 
which the blood may have a hemoglobin concentration 100 per cent above 
normal or approximately >0 g per roo cc Thus 25 g of this hemoglobin 
could be completely saturated with oxvgcn yet cyanosis would appear be- 
cause , g per 100 cc was in the reduced state 

anoxic anoxia 

Anoxic anoxia is frequently due to a low oxygen tension of inspired air 
In this tv pc of anoxia the oxygenation of the blood in the lungs is reduced 
and may be brought about in several wavs The oxygen tension of the 
inspired air ma\ be low— a condition that may exist even though the baro 
metric pressure is normal Other gases may replace the oxygen as souk 
times occurs in coal mines where the oxvgcn of the air may be found 1 • 
lowered concentration and methane (fire damp) or nitrogen and carboi 
dioxide (black damp) take its place 

Usuallv however wc think of anoxia in relation to high altitudes cs 
pccially m reference to aviation The percentage of oxvgcn at high alb 
tildes is no different from that at sea level— approximate -1 per cent of 
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the air The difference is m the total barometric pressure which decreases 
with altitude For example, at sea le\el, the average barometric pressure 
is 760 mm Hg of which 159 6 mm is due to oxygen pressure, at 7000 ft 
the barometric pressure is 586 mm and the oxygen partial pressure, 123 
mm , at 14,500 ft , it is 438 mm and oxvgen is 92 mm , at 25,000 ft it is 
282 mm , and the oxygen pressure is 60 mm 

It has been known for many years that so called mountain sickness is 
caused by a low oxygen pressure or tension m the atmosphere and not to 
low barometric pressure The first signs of mountain sickness in a healthy 
individual usually appear between 8000 and 12 000 ft , \ery few symptoms 
being evident below 12,000 ft Much greater variation occurs than is indi 
cated by these figures, since a great deal depends upon the rapidity with 
which one ascends a mountain and upon the muscular effort put ort 

In 1876, three French scientists, in a balloon, made one of the first re 
corded high altitude ascents They reached a height of over 26 000 ft but 
the Bight ended tragically, only one of them, Tissand.er, living to tell 
story The scientists had realized the need for extra ovvgen and had car 
ried containers with them However, the, waited until too great a heigh 
was reached before they attempted to use the oxygen By this time severe 
anoxia had already set in and Tissandier reported that thev were unable to 
raise the mouthpieces to their lips Hiey lost consciousness 3 " ’ 

ft Tissandier regained consciousness as the balloon was descending rapidly 

only to find his tsvo fellow passengers dead , , 

A height from 20,000 to 25,000 ft seems to be the limit to which man 
1'eignt rrom , ’ , d Com ulsions, unconsciousness, 

can ascend unless extra oxygen is suppi , nooo 

and death may follow within 3 min at 25,000 ft and within 2, mm at -0,000 

ft , at 40,000 ft , the time resene is less than 1 mm 

SIGNS AND SYMPTOMS OF ANOXIA 

Individuals exhibit a vanctv of isrenVm a.rplfncs 

high altitudes, or when suffer,n S |c5s cn 1S inhaled Ascent to 

or balloons result in unconsciousness JF about an individual 

a lesser altitude (15000 to 20,00c > ) o( Q h,laration and 

reactions akin to those of druA ^ dcfimtc mcnta l and sensor, 
general wellbeing mav be ’ headache, dvspnca, nausea 

dullness, along w „h doziness mmeuar „ lcss evident if 

and vomiting and a marked eva „ n ‘ , n this wav, idpisl him 

one climbs to high altitudes slow ^ hl coor< | in ation and mcntal 

self to the me atmosphere However 
tasks arc less cfficieotlv earned o i at ug i 1 * 
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At sea level, the barometric pressure is equal to 760 mm Hg and oxygen 
which makes up 21 per cent of the air (and therefore 21 per cent of the 
pressure), accounts for 159 mm the alveoli of the lungs then contain 
oxygen at a partial pressure of about 100 mm At 18 000 ft , the oxygen 
still accounts for 21 per cent of the pressure but because of the rareness of 



FIGURE 245 


Barometric pressures and related oxjgen pressures (in mm Hg) at 
various altitudes Bar P barometric pressure P P Oj partial 
pressure of oxjgen 

the air at this height the oxygen tension is equivalent to about 50 per cent 
of the oxygen at sea level or about 80 mm partial pressure The oxygen 
tension in the alveolar air at this altitude is around 50 mm , and the ar 
tenal blood is less than 80 per cent saturated consequently, greater lung 
ventilation is necessary The lowered oxygen tension in the blood has 
an effect on the aortic and carotid bodies which send impulses to the re 
spiratory center and thus indirectly causes greater respiratory movements 
It one makes ascents to high altitudes very slowly over a period of several 
vv ceks or months one becomes ad|usted to the rarity of the air Some mime 
diate adjustment by contraction of the spleen takes place and an increase in 
heart rate, but this is coupled with a delayed adjustment in which there is 
an increased production of erythrocytes to as man, as n 000 000 per cu mm 
Natives of mountainous regions hung at 14000 to .5 000 ft have a normal 
blood count around 8 coo 000 Tims, the hemoglobin content is increased 
and the total oxygen content of the arterial blood as well in spite of the 
low oxjgen pressure 

AIR EMBOLISM 

Air embolism is not a condition of anoxia but mav occur at the same 
time as anoxia because of a too rapid ascent in an airplane or balloon It 
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is sometimes referred to as the bends or caisson disease, because it has 
hitherto mainly occurred m divers and in workers m caissons, they may go 
too rapidly from the high barometric pressure of the caisson (2 to 4 atmos 
pheres) to normal sea level pressure 
In diving or in caisson work an increase of 1 atmospheric pressure takes 
place for every 34 ft of water Therefore, a person who has reached a 
depth of 34 ft m water experiences a pressure of 1520 mm Hg The 
amount of the gases in the blood plasma increases in proportion to the 
partial pressure of each gas, just as they would do in water Carbon dioxide 
is dissolved in soda water by this principle, it is forced m, under high pres 
sure, and the cap of the bottle prevents its escape If the cap is removed 
and the pressure immediately over the soda water thereby reduced, bubbles 
of carbon dioxide form within the liquid some of them rising to the sur 
face and escaping This is the same fundamental principle by means of 
which air emboli are formed in the blood stream Very high pressures may 
be tolerated by living systems without any harmful experiences but it is 
dangerous to lower the pressures too rapidly If a person is exposed to 
pure oxygen at 760 mm pressure there is no great increase in oxygen con 
tent of the blood At sea level and m ordinary air the hemoglobin of hu 
man blood carries about 19 cc of oxygen per 100 cc of blood it is not 
completely saturated The plasma carries about o 3 cc or in all, around 
10 3 cc of oxvgen are carried m 100 cc of blood 

In pure oxygen at 760 mm pressure, hemoglobin carries approximately 
20 cc of oxygen per 100 cc of blood (its limit), whereas plasma has 2 cc 
per 100 cc dissolved in it, altogether, a concentration of 22 cc per 100 cc 
blood Under increased atmospheric pressure enough oxygen may d is 
solve in the plasma to make a person quite independent of Ins hemoglobin 
He may thus survive an otherwise fatal carbon monoxide poisoning in which 

hemoglobin is no longet free to combine with oxygen , In 

Gases wh.ch have been dissolved m the plasma under high pressure, do 

, w men nave tll| . pIC ssurc is lowered sud 

of this condition are itching of 

the pirt oftiie bod^affretedb/'fhcir enlodgcment Frothing 0, the Hood 

m the cap'llariesmterfcresw'th circulation ^ rapld]j from normal 

The condition appears in avaato ^ ^ he , g| , t £ e prcssU rc „ only 

pressure to that at =5 000 > d ct , on in pressure docs not allow 

one third that at sea level Tire rapid reduction y 


sufficient time for the gases to escape 


b\ wav of the lungs 
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Less rapid ascents in planes, and a gradual decompression in those work 
ing under high pressures, will prevent air embolism. A second cause of 
anoxic anoxia may be defective or abnormal respiratory mechanisms. Anv 
condition lowering the amount of oxygen available to the blood passing 
through the lungs would produce anoxia of the anoxic type. Thus respira- 
tory diseases, obstruction of the respiratory tubes in any way, and defec- 
tive nervous and muscular control of the respiratory muscles contribute to 
this condition. 

In pneumonia, the alveoli are so filled with mucus, that oxygen contact 
with their membranes is much reduced. As a result of this, the saturation 
of the blood with oxygen may be as low as 85 per cent or less, and the 
symptoms of anoxemia, such as cyanosis, dyspnea, and delirium, make their 
appearance. 

A spasm of the smooth muscles of the bronchioles causes an oxygen 
lack or deficiency in asthma. Tlius the alveoli are poorly ventilated; carbon 
dioxide is retained in the blood and a lowered oxygen saturation and gaseous 
acidosis results. This, however, is a stimulus to greater acid excretion by 

way of the kidney. 

One suffering from asthma may experience difficulty in both inspiration 
and expiration but chiefly in expiration. This is thought to be due to the 
fact that even normally a constriction of the bronchioles occurs during ex- 
piration, although they dilate normally at inspiration. The spasm may be 
of a reflex nature or, more commonly, may be the result of sensitization 
to some foreign protein. Feathers of various birds, dog hair, pollens, or 
foods may constitute the foreign protein. 

Failure of foramen ovale to close is also a condition producing an anoxic 
>J\° 2n0X ' a ‘ ^ differs from the others mentioned, in that the blood 
^ ic goes to the lungs may be fully oxygenated, but if the foramen ovale 
between the two auricles docs not close at birth, some venous blood passes 
directly to the left auricle and mixes with the oxygenated blood. The 
blood is, therefore, never sufficiently oxygenated. The symptoms of anoxia 
arc always present in individuals suffering from this condition. 

ANEMIC ANOXIA 

Anemic anoxia occurs when the oxygcn-carTying power of the blood is 
reduced. Therefore, it mate its appearance in several ways. First of all, 
there may be an actual reduction in the number of erythrocytes per unit 
volume, such as occurs in anemia or hemorrhage. There may also be a 
decrease in the quantity of hemoglobin per red cell, although the normal 
number of cells is present. Carbon monoxide, also, reduces flic oxygen- 
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carrying power in that it combines much more readily and more firmly with 
hemoglobin than does oxygen Nitrites and chlorates result in the forma 
tion of methemoglobin which is of no \alue as an oxygen acceptor 

STAGNANT ANOXIA 

A reduction in the circulation, from whatever cause, will result m the 
development of anoxia The slower mo\ement of the blood and its longer 
stay in the capillaries is conducne to greater oxy gen loss m the tissues The 
anoxia produced in this manner is referred to as stagnant anoxta, occumng 
in heart failure, surgical shock, venous obstruction, and valvular leakages 
The hemoglobin of the arterial blood may be saturated, that is, it may 
can) its normal load under normal tension, but, because of the increased 
ox\ gen dissociation and utilization, much of it is reduced and often to the 
point where c)anosis appears Thus, the first tissues reached receive an 
adequate supply of oxygen but, as the blood flows on, the more remote tis 
sues suffer from ox)gen lack 


HISTOTOXIC ANOXIA 

In histotoxic anoxia the circulation may be normal and the hemoglobin 
of the arteries and capillaries, as well as the veins, may be saturated with 
oxygen but the cells of the body are unable to utilize it This t) pe of anoxia 
occurs in alcohol, narcotics, and cyanide poisoning, certain oxidative enzymes 
within the cells being removed from action Cyanides affect the cellular 
enzyme, cytochrome oxidase, which then cannot utilize oxygen and, there 
fore, the cells take none from the blood stream 


ADDITIONAL READING 

Barcroft, J , The Respmtory Fund, on of the Blood (Nciv V„A Carnage 
University Press, .925), Part I, 'Lessons from High Altitudes Personal 

Gra y TrPnLtnt C VlS"%,s ph^cnl Region (Spring 
(Batt, more W,. Hams and Wi.Lins, 
1938). Discussions of various tvpcs of anoxias 
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The Chemistry and Physics of 
Respiration 


Once air is breathed, several changes take place in it its temperature is 
changed to equal body temperature, it becomes saturated with water vapor 
at that temperature, and its chemical composition is altered by the loss of 
some of its oxygen and the addition of carbon dioxide 

CHANGES IN TEMPERATURE 

The inspired air is usually cooler than body temperature (37 degrees C ), 
although the opposite is the case for a few days (variable in number) dur 
ing the hot summer months It should be noted, however, that the respira 
tory epithelium of the nasal cavity is as efficient at cooling hot air as it is 
at heating cold air The lungs, therefore, are contacted only by air at or 
near body temperature, a fact strikingly demonstrated m recent tests to 
determine how much heat the human body can stand This problem is 
one m which the jet plane makers are interested since speed may be so 
great that friction will heat the cabins to an extremely high temperature 
Experiments show that even at temperatures above the boiling point of 
water, the inspired air is cooled almost to body temperature by the time it 
reaches the back of the pharynx 

CHANGES IN WATER VAPOR 

Ait tal.cn into the lungs is aery rarely completely saturated with water 
rapor, whereas the expired air is saturated at body temperature, that is 
the warmer the air, the greater the amount of water \apor required for 
saturation Warm air holds much more water vapor, therefore, than air 
at a lower temperature Tins may lie demonstrated by blowing the breath 
on a cool surface, such as a mirror or shiny metal plate As soon as the 
air is cooled by the glass or metal the water vapor condenses This ll 
lustratcs one means the body employs for getting rid of water The actual 
amount excreted by the lungs depends upon the degree of saturation of the 
inspired air, the cooler and drier this is, the more water it will gain and 
carry to the outside In 24 hours, an aserage of 350 cc of water is excreted 
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by the adult lung at normal room temperature (21 degrees C ) and 
humidity 


CHANGES IN CHEMICAL COMPOSITION 

Changes in chemical composition are the most important in expired air 
The contents of pure air when completely dried as compared with those 
of expired air and aheolar air are presented m Table 16 The oxygen con 
tent of the alveolar air is lower than that of the expired air because the 
expired air contains also air from the trachea and bronchi (dead space air) 
from which oxygen has not been removed 


TABLE 16 

Percentages of Dried Gases in Breathed Air 


Gas 

Inspired Air 

Aheolar Air 

Expired Air 

Oxygen 

■*096 

M s 

163 

Nitrogen 

7900 

80 3 

79 7 

Carbon dioxide 

0 04 

55 



An approximate average of the oxygen utilized in 24 hours 43 - btcrs 
and the amount of carbon dioxide given off is about 380 liters ie respira 
tory quotient .s, therefore, about o 85 to 0 88 The d, Science m volumes 
of oxygen and carbon d. ox.de ,5 because of the fact that protons, or fats, 
or both are being oxidized along with carbohydrates in the mammalian 
body If only carbohydrates were oxidized there would be no difference, 
and the respiratory quotient would be 1 o 


IMPORTANCE OF VENTILATION 

In a closed room a greater danger of depict, ng the ^ «£ 

than in the open air, but even in a closed room on D effects 

t>on is noticeable other important changes begin o s o« 

These .11 effects are caused by heat and moisture, both f h ch am g. to 
off by the bodies of humans, and if a number o ” c 

ventilated room at the same time, the humidity an p 

Ia Tests show that subjects placed in airtight rooms ‘^Xts'llmm 
‘■°n whatsoever, began after sescial hours ,0 * ££ Ln 

"Inch they were not rclicx ed c% en "ben a owe ^ ^ |I)e oH|Cf | nnc | 

the outside by means of a tube stuck throi g through 

■I - person on the outside breathes oxygen „ nc ml 

the tubes, he experiences no discomfort 
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fenng not from oxjgen lacl» but from too great a humidity and too high 
a temperature 

Modern ventilation engineenng is, therefore, concerned chiefly with the 
temperature and humidity factors, although oxygen depletion and carbon 
dioxide accumulation are also considered 


EXCHANGE OF GASES 

Gases are exchanged m the lungs and in the tissues In the alveoli the 
oxj gen tension which is about 100 mm Hg pressure, is high compared with 
that of the blood m the capillaries whereas the concentration of carbon 
dioxide is much greater :n the blood than in the alveoli Therefore the 
ox}gcn diffuses from the alveoli into the blood and carbon dioxide diffuses 
from the blood into the alveoli The reverse occurs in the tissues The 
greater the difference m concentrations of gases m the alveoli and the 
blood, and of the blood and the tissues, the greater will be the diffusion of 
gases bach and forth 

In coursing through the lungs, the blood becoming oxygenated tahes 
on a more brilliant scarlet color and is earned to the left side of the heart 
b> pulmonarj veins the onl> veins that cany fullv oxvgenatcd blood This 
change m color is due to the union of hemoglobin of the red corpuscles 
with oxvgcn to form oxyhemoglobin, which is earned to the tissues where 
it dissociates as oxvgcn and reduced hemoglobin It should be noted that 
m both cases the iron in the hemoglobin molecule remains in the reduced 
or ferrous, condHion Sometimes because of action of certain substances 
wit}, hemoglobin a more stable oxidized form is produced in which the 
uon is actualH converted to the feme state It is called methemoglobm 
ocs not give up its oxvgcn rcachlj Mcthcmoglobin docs not exist 
normal v in the blood but the addition of an excess of such substances as 

r ' >° 7 ,tr :! C \ t ° b,0 ° d " ,11 rcs ' llt formation As alrcadv 

pomted out the blood, at sea level can cam ,9 3 cc of oxvgcn per 100 
cc 19 cc of tins being earned b> the hemoglobin If the corpuscles were 
not present, the plasma would canj onlj slightly more than o 5 cc oxvgcn 


LAWS GOVERNING DIFFUSION AND SOLUTION OF GASES 
Ilicrc arc scicral socallcd gas lms that should be. understood in ordet 
to grasp 11 , c full significance of gaseous csclnnge „i ||,c bods These las« 
a.c liases! upon the louche If, cor, „/ gases „|„d, postulate the constant 
nioscnicnt of molecules, vamrig dncctl, sell, the temperature Tins mo- 
lion dcsclops pressure ami brurg, about a umfortn distnbntron of the gas 
b) uifrmton Three of these la»s arc nf mrportancc here 
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Henry's law, simply stated, means that with constant temperature, the 
quantity of gas that will dissolve m a solution, is proportional to the partial 
pressure of the gas When equilibrium is reached the pressure of the gas 
in the liquid will be approximate!) the same as that above it Thus, when 
the oxygen pressure m the alveoli of the lungs is 100 mm Hg it exerts 
approximate!) the same pressure in the blood plasma of the capillaries sur 
rounding the alveoli 

Boyle's law states that, other things being equal, the volume of a gas 
varies directly as the temperature Everyone has observed that gases pass 
out of water as it is heated to the boiling point When heated the gas 
dissolved in the water expands and forms bubbles which are released at the 
surface 

Dalton’s law of partial pressures states that any gas in a mixture, such 
as air, will exert the same pressure it would exert if other gases were not 
present In other words, each gas in a mixture exerts onl) a fraction of the 
pressure, this fraction is the partial pressure for that gas For example, 
oxygen, which makes up approximately 2096 per cent of air, therefore at 
760 mm atmospheric pressure everts a partial pressure of about 159 mm , 
nitrogen which makes up 79 per cent, a partial pressure of 600 mm , and 
carbon dioxide which constitutes o 04 per cent, a partial pressure of o 3 mm 


THE ABSORPTION OF OXYGEN BY THE BLOOD 
As already pointed out, in animals oxigen because of its union with 
hemoglobin or some other oxygen earner, rs absorbed nr large quantities 
by the blood The efficiency of the blood, as a transport agent, depends 
upon its ability to carry oxygen to the tissues and to nm cat ' on ' 
and other wastes from the trssues The oxygen must c g P 
readily as it is absorbed if it is to be of laluc to the bodi cells 
The ability of the blood of different animals to cam 0 
lanes greatly Endently the lana.ion is rbi^tojbc ^ ^ of 
oxygen earners or respiratory figments, as ^ „ cuhr , nlp0 , t a„cc 
arc colored, although the color seems to h p , n x\ecn earner 

As far as we are aware, there rs no reason why a colorless oxygen earner 

would not work just as well .„,„i in Tieurc 246 

The efficiency of blood as an oxigen ‘ cimc o( |,„ m a n blood, 

Tins is an oxigen dissociation (or combm ) Iob ,„ 

show tng the rapidity w.th which oxigen is «*»« £ “ * llg 

the oxigen tension of the surrounding enuron ^ m n lc ra pillaiics 

The blood IS seldom loo pa cent snturn UIC of 0 „ EC n m the 

of the lungs it is 93 to 97 per cent saturated P 
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The loading and unloading tensions vary in different bloods, being great 
est for mammalian blood 


THE RESPIRATORY PIGMENTS 


There are at least five different types of respiratory pigments found in 
the transport media of animals They all fulfill the essential requirement 
of an efficient oxygen carrier — the ability to react reversibly with oxygen 
The loading tensions are equal to or less than the oxygen tension of the 
environments of the animal (Table 17), thus ensuring oxygenation of the 
pigment 

The term “hemoglobin 0 is reserved here for the respiratory pigments of 
vertebrates only The hemoglobin molecule consists of the prosthetic (or 
active) group, heme, which is combined with a protein, globin Heme is 
the active or prosthetic group containing iron by means of which it can be 
combined with oxygen Although specific differences arc shown in various 
animals, their hemoglobins are in many nays similar All hemoglobins 
evidently have the same heme, individual differences being due to the type 
of globin present, the number of heme groups, and the character of their 
linkage with other parts of the molecule The blood of different animals 
may be identified by the crystalline nature of its hemoglobin 

If heme is set free from its linkage with the rest of the hemoglobin mole 
eule, it is rather insoluble but combines readily ruth oxygen owever, 
it does not dissociate readily Evidently globin performs a icq important 
function in making the molecule more soluble and in some way at mg in 


reversibility of its reaction with oxygen 

The molecular «e,ght of hemoglobin in human blood is a PP™' tl ™' c '> 
67.000 and the pores in the nulls of the blood capi an “ 0 ' t ] lrot ,„j, 

will allow substances of less than 70,000 molecular ung 1 P 
Therefore, if hemoglobin escapes from the corpusc c an ' 

Plasma, ,t mil be excreted by the k.dncv Claims hare b«n made re 
ccntly that hemoglobin is a threshold substance which m 1 P ^ ^ 
Hio plasma m minute traces but winch 15 , ob ,' n found in the 
present m high concentrations Much of the S 

b0 " 1 containing a heme group in then mo ecu ^ |u][ efficient 

a '0 present only in invertebrates and ate at bo ,l lc , arc 

m earning oxvgcn as mammalian hcnioglo molecules {mo! 

dissolved in the plasma in which case their c "° . j , t |, c capillaries 

"1 = several million) prevent then, from escaping <>i™h,< 1 1 
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Hemerythnn and hemocyamn contain no heme and in mam other ways 
resemble each other Hemocyamn which is dissohcd m the plasma mav 
ha\e a molecular weight over 10 million, hemerjthnn, how ev er, which is 
protected from loss bj the corpuscle wall within which it is contained, has 
a much smaller molecule Thus, it is eudent, that those pigments oc 
cumng mside corpuscles ha\e much smaller molecules than those dissohcd 
in plasma 

Hemocyanm is a protein containing copper and molecules of the amino 
acids tyrosine, leucine, and senne and a sulfur compound as jet unidentified 
Evidently, oxygen is earned as it combines with copper 

The heme molecule is very widely distributed in nature in the blood of 
animals from the lower forms in which a respirators pigment is found to 
the highest mammal This is not so odd when one realizes that practicalh 
all hung cells contain heme m the cytochrome molecule Cvtochrome is 
important in oxidative metabolism of cells and is therefore, active m aerobic 
organisms Even in those animals having hemerjthnn and heniocvinm in 
their blood stream, the body cells contain heme as an essential part of 

cytochrome 

Many animals in their usual environment do not utilize the owgcn ic 
by their respiratory pigments Thev evidentlv obtain sufficient supplies 
t>> direct diffusion into their tissues or from the ox)gen dissohcd m then 
plasma Their blood, therefore, remains full) oxsgcnatcd under ordimm 
conditions For example, the aquatic snail Planorbts contains cn 
throcruorra m its plasma-an cxcept.on, since most mollusls hare hemo 
cyanin The loading tension of this respiratory pigment is a ou 1 * 
Hg partial pressure oxygen, the unloading tension, about - mm 
m nithcr stationary or at most very slowly moving fresh water Umta 
these conditions the blood is 100 per cent saturated with °^S cn 
unloading tension is very low, the ery throcniorm retains he g 
does not gne ,t up to the tissues It is not nceessar; since ' “ 

the ox, gen ,t needs b, direct diffusion of ox, gen from the environment 

I Io„ o P cr, there are periods, cspeeiall) in sn.aU 
sun s ra,s ma, dmc off most of the oxsgen from the 'W 4 

"'C oxs gen diffusion into the plasma decreases and the s = 3 J 6 
P»P- SU P P 1) r,na,„. „ hen the oxsgen te, "J™ ' stored 
creases belo,, 10 mm I!g pressure, the org mmc 3 „ ( t„ lur 

°rrgcn in the respirator, pigment Thus t ic 3111 m nun ne 

™ c of stress Tlte same t,pe null Such 

fomw, cspccialh those living in the sand al 
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animals as the lugwonn Arentcola, at the rish of asphyxiation, must dig 
down into the sand for protection, thereby endangering their lives The) 
have however, an extra supply of oxygen stored m their respiratory pigments 
and as long as the low oxygen tension continues their blood can function 
in the same manner as vertebrate blood 

MUSCLE HEMOGLOBIN 

Muscle hemoglobin or myoglobin is found in some mammalian muscles 
imparting a red color to them it is not so concentrated m pale muscles 
Muscle hemoglobin has a different chemical structure and dissociates dif 
ferently from blood hemoglobin its loading and unloading tensions arc 
much lower than those of blood hemoglobins it is therefore similar to 
the respiratory pigments mentioned m the prev ious paragraph in its abilitv 
to remain m the oxygenated state This is true only when the muscle is 
at rest however as soon as it becomes active the oxygen tension is lowered 
rapidlv and the myoglobin enters the picture as an instantaneously available 
store of oxvgcn It dissociates very rapidly below 10 to 15 mm oxygen 
tension (figure 247) Its loading tension seems to be between 60 and 
75 mm llg This explains the fully oxvgenatcd state of muscle when it is 
at rest 



The dmooaton one lor tmgcnalcd imndc I cmoglobm (Mllh) 
Thctc ts no Ijrcat increase in d uociahon unlit lie oxvgcn tension is 
decreased below -0 mm Tin ind calcs lie function of Ml lb— the 
ston$c of ow^cn for itvc in tn iscle 
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OTHER PIGMENTS 

Two veiv interesting pigments about which very little is known have 
not yet been mentioned One of these occurs in the blood of a sea spider, 
Anoblodactylus giving a bright blue color to the blood Although it is 
contained within corpuscles there has been some suggestion that it mig 
be a form of hemocyan.n If so this would be the only known ease of this 

’%zz3zxz. ■ u— - r “-"r 

cates These animals have a large number of colorless and a smaller 
her of colored corpuscles ^'^tZ^ZTo. and st„. 

lira VO ^givTto tco/pus'clesagreen blue and orange color 
uuicn* v wiuk.ii b 1 , hreer molecule the whole 

respectively The vanadium is link e * ^ io cent vanadlum 

being referred to as » chromogen ^ (he molmik „ „ glven 

Oxygen is taken up readily by the f ovm d t]wt 

up freely, however on v in hlghh * f ^".dfuric acd There ,s still 
the corpuscles contain from 13 to 9 P , anad , unl containing compound 
some question as to whether or , nrnrcsses 

functions in a respirator, fashion in philological processes 

CARBON MONOXIDE OR COAL GAS rOISONING 

,, is a very effective respirators 

Carbon monoxide “ is g " > ideriMe a5 a method of suicide 

poison It has been used to a , 

and nlso has accounted! for man> ^ hcmoglobin combine scr> rcadih 
Tlie respiratorv P‘S mcn * P J „ ia , tIie} do with oxygen to form 
with carbon mono\ide,in hemoglobin for caibon monoxide is 

carbox)Ucinoglobm The “ ‘"L an ,|,at for oxjgcu Tims hemoglobin 

about three hundred times “ ' f 'f' cnt £ lhc extent of onl, o 5 
can be completely saturated with this gas P ^ ^ ^ ^ ^ ^ 
per cent (it requites he w „ ’ m , |cm0g | 0 b,„ dissociates at a rate one 

hemoglobin saturation) . hemoglobin 

thousand times more slow ' lw concentrations of carbon monoxide 

Tims the danger of c\cn ^ person might show carK symptoms of 

111 the cmironmcnt is curen percent carbon monoxide Vision 

its effect when the ait contains on ibihts is lowered considcrabh 

and hearing become > n, P J,r ** samnted with carbon monoxide; death 
“a,“: — ” onlv slight.) higher sa.umtiou 
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When ox) gen and carbon monoxide occur together, oxyhemoglobin can 
be formed only if the oxygen concentration is higher For this reason, in 
treatment of carbon monoxide poisoning, the patient is gnen almost pure 
oxygen with sufficient carbon dioxide to stimulate heart and respirator) 
action 


CYANIDE POISONING 

Cyanides have no effect on the ox)gen carrying power of the blood The 
mechanism involved in asphyxiation b) this poison, therefore, is quite 
different from that of carbon monoxide Most tissues and cells are dc 
pendent upon cytochrome and an enzvme, cytochrome oxidase, for proper 
oxidation v erv little cellular oxidation in fact being possible vv ithout these 
substances The cvanides are very effective m inhibiting the action of 
cvtocliromc oxidase and thus, of cellular respiration In cyanide poison 
mg therefore blood mav be completely saturated with oxygen which the 
bodv cells cannot use 

Cvamdc is poisonous because of the fact that it combines with iron in 
the oxidized (feme) state Thus, under normal conditions, hemoglobin 
docs not react with cyanide since the non remains m the ferrous state 
whether owgen is being transported or has been released to the tissues 
However, mcthcmoglobm contains iron m the feme state which will coni 
bine with cvamdc Therefore, in cvamdc poisoning, substances capable 
of causing formation of mcthcmoglobm (nitrites, thiosulfates, or mcthvlcnc 
blue) may be of value since the cvamdc would then be bound «» the 
blood stream and not reach the tissues Of course if too much mcthcmo- 
globm were formed the blood would then not carry sufficient oxygen to 
t ic tissues, and a dangerous condition of a different tv pc would result 

EXERCISE AND RESPIRATION 

The oxvgcn consumed bv the bodv at rest, is equal to about 0:5 hters 
pci minute Normallv, there is no difficult m breathing and the oxvgcn 
needs arc readily satisfied I n exercise, the oxvgcn utilization increases m 
proportion to the work done and mav reach 30 liters per minute If the 
muscles do not receive sufficient quantities of oxvgcn, thev go into oxvgcn 
debt (page <p) which means smiplv that lactic acid will collect in the 
muscles to be oxidized at another time Sooner or later the oxvgen debt 
(or lactic acid accumulation) will teach the point where fatigue sets in 
Ilicrc is ven little oxvgcn stored m the bodv, at best, about .a 5 minute 
supplv during rest Actualh, tins is not a storehouse for oxv gar but stmpb 
the amount of oxvgcn tli 3 t happens to lie in the !x>d\ at anv particular 
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time About o 4 liters are found in the lungs, o 8 to o 9 liters in the blood, 
and about 1 5 cc in the tissue fluid 

Every minute during exercise about 2 to 3% liters of oxygen can be 
carried to the tissues in the body of an untrained individual In a trained 
athlete, however, about 4 liters can be delivered per minute If oxygen 
is needed above this quantity, the muscles go into oxygen debt which is 
not relieved until the person rests Respiration continues during rest at a 
rapid rate, oxygen consumption remaining high until all the lactic acid is 
oxidized 

A trained athlete can go into a much greater oxygen debt than a novice 
at most, this would be equal to 20 liters of oxygen 

There are at least two limiting factors m the amount of oxygen that can 
be delivered to the tissues of a health) individual one is exercise of such a 
seventy that there is too great a demand for ox)gen, and the other is the 
mabilitv of the heart to pump a sufficient supply of additional blood to the 
tissues 

Man) factors however, unite to contribute to a greater oxygen supply to 
the tissues These are (1) a more rapid respiraton rate, (2) deeper res 
piration, (3) contraction of the spleen thereb) increasing the oxvgen 
earning capacity of the blood, (4) greater oxygen uptake b) the blood in the 
lungs because of the low oxygen content of the \cnous blood caused bv the 
exercise, (5) an increase in the heart rate along with an increase in stroke 
volume, (6) a shift m the blood by vasomotor action from the less active 
tissues to those (muscles) called upon to act at the moment, (7) greater dis 
sociation of the oxyhemoglobin in the exercised muscles because of the 
low oxvgen tension m them at the time 

CELLULAR OXIDATION 

All of the previous discussion on respiration Ins been concerned onlv 
with the transport of oxygen from the lung to the bodv cells where it is 
used m the oxidation of food materials Although blood itself is a tissue 
and the cells found in it necessarily use some oxvgen the quantitv consumed 
by blood cells is insignificant compared with tint used In other tissues of 
the bodv 

Comparatnch little is known concerning cellular mctalwhsm but ccr 
tamlv great strides have been made within the past twenty vears toward 
this end By means of results obtained by various biochemical and phvsio 
logical methods, our knowledge of oxidative mcclntmtns within cells has 
l>ccn increased 

1 xactlv what happens between the time that oxvgen enters the cell and 
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carbon dioxide is eliminated? The gaseous exchanges arc only the be 
ginning and the end of the story respective!) It is known that there are 
many enz)mes and coenz>mes as well as h>drogcn and oxygen acceptors 
within living cells Acceptors are substances that can combine loosely 
with and release readily hydrogen or o\)gcn within cells during metabolic 
activity The mechanism concerned with oxidation is not a simple one 
but appears as a long chain of chemical reactions which result in the libera 
tion of carbon dioxide and water 

OXIDATIVE ENZYMES 

Enzymes m general are soluble colloidal organic catalysts produced by 
living protoplasm and usually destroyed by heat (above 45 to 50 degrees C } 
This definition applies to the oxidative enzymes within cells as well as to 
those taken up later m studies on digestion (Chapter 35) The latter are 
concerned chiefly with hvdrolytic processes whereas the former aid in 
oxidative processes 

Some of the coenzymes concerned in oxidative metabolism contain as 
prosthetic or active groups certain vitamins such as riboflavin niacin and 
thiamin Thiamin unites with other molecules to form within cells a 
coenzvme called cocarboxylase which acts with carboxylase m splitting 
off carbon dioxide from the carboxyl group of carbohy drates riavoproteins 
are coenzymes or hydrogen acceptors of considerable importance m oxida 
tion and are made up of a molecule of riboflavin (vitamin B 2 ) a protein 
and phosphoric acid Two coenzymes present in cells (coenzyme I and 
coenzyme II) are chemically diphosphopyridine nucleotide and tnphos 
phopyndine nucleotide respectively and contain nicotinamide (niacin 
amide) as an active group Other substances such as vitamin C and 
glutathione evidently play a very important role in oxidation reduction re 
actions but our knowledge concerning their activity is very meager The 
student should understand that by oxidation is meant one of three types 
of reactions 

1 Oxygen may actually be involved such as the oxidation of lactic acid 
to carbon dioxide and water 

c *H fl O s + 3 O, » 3 C0 2 + 3 H 2 0 

Lactic ac d 

2 A reaction may not involve oxygen at all but may simply consist of a 
loss of hydrogen as for example in the oxidation of reduced glutathione 
in the cell Glutathione is a compound built up by the union of three 
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amino acids — glutanic acid, glycine, and cysteine, this last containing an 
( — SH) group which is the active part of the molecule Thus we can 
represent its oxidation as follows 

2 G— SH + O, » G— S— S— G + H 2 0 2 ^— Th,0 + % 0 2 

Reduced Oxidized 

glutathione glutathione 

3 There may be simply a loss of an electron to produce an oxidation, as 
is the case when iron changes from the ferrous (reduced) to the feme 
(oxidized) state The loss of an electron causes the ions to become more 
positive 

Fe++ >Fe+++ + e- 

Ferrous state Feme state Electron 

Always, whenever an oxidation process occurs, a reduction also tabes 
place 


SEQUENCE OF EVENTS IN CELLULAR OXIDATION 
In general, we can group the processes occurring during oxidation into 
three classes according to whether the enzsmes or other substances (i) 
activate hydrogen, (a) accept and cany hydrogen or ( 3 ) activate oxvgen 
In most reactions the end product would be hydrogen peroxide but this is 
rapidly destroy ed by the action of catalase another enzvmc 
There are three mam groups of substances that arc concerned with 
oxidative processes ( 1 ) The enzymes that act upon the food material 
(metabolite) to release hydrogen in an active form-dehydrogenases (a) 
The substances that accept the hydrogen and pass it on progressive 1 rom 
dchv drogenase to cytochrome— cocnzymcs, fUnoprotcm and c)tochrome 
(3) The enzymes that activate oxygen from molecular oxv gen-oxidases 
one such substance, called cytochrome oxidase found in cells is conce 
with the presentation of active oxygen to active hvdrogcn held b, cyto 

Cl, ™«c ma, be several mechanisms involved ,n eclh.hr oxidation In 
fact.vvcl.now that one mechanism mav be mom active ra some spmot^ 
another Tor example, in many mammalian t,ssu “- — if 

chrome oxidase mechanism is almost ico per ccn . . j 

cyanide is added to such tissues ,t dcstrovs wUMhc 

result that oxidation is brought to such a ow ^ follows 

are imposs.blc Two possible mechanisms mas tic presented as follows 
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MAINTENANCE OF NEUTRALITY AND CARBON DIOXIDE TRANSPORT 
IN THE BLOOD 

Carbon dioxide is liberated continuously from the tissue cells into the 
blood stream, since the carbon dioxide of the blood flowing into the capil 
lanes is low compared with that in the tissues Tins gas tends to produce 
an acid reaction in the plasma because it forms carbonic acid 


CO. + H.O- 


> H,CO, 


» H+ + HC0 3 - 


Tims, if carbon dioxide is not removed the blood and tissue fluid would 
become quite acid About 5 per cent of the carbon dioxide is dissolved in 
the plasma, the remaining 95 per cent being changed into such forms as 
carbonic acid (H,CO s ), bicarbonate 10ns (HC0 3 - ) and carbamino hemo 
globin The first two forms occur m the plasma the last, in the erythrocyte 
About 10 per cent of the total carbon dioxide is carried as the carbamino 
compound . , . . , , 

Such substances as the carbonates and bicarbonates of the blood act as 
buffers and tend to hold the pH value constant Hemoglobin also acts as 
a buffer, as do the plasma proteins and phosphite salts The proteins owe 
their buffer action to the presence of amino groups (— NH ) which can 
unite with acids, and carboxyl groups (-COOH ) winch unite with alkalis 
Because of their double action the ammo acids are called amphoteric 
substances All of these substances act to maintain the neutrality of the 
blood and tissue fluid Thus in spite of the large quantities of carbon 
dioxide thrown into the blood stream, there is very little change in the acid y 
of the blood 

THE CHLORIDE SHIFT 

The red blood cells contribute to the efficiency of carbon dimude tram 
port by means of a phenomenon known as the chlon e s 11 
of blood plasma one can demomtate b^m^m 0 a smip^ ^ ^ 

importance of the erythrocytes in this connecriui , 

is bubbled through a sample of more 

■t is found that the concentration of ^ ^ [ac , , hat tIlc red 

rapidly in the whole blood sample This is g l inhvdrase 

blood cells present in whole blood contain an ^nz) ^ ^ ^ and ’ 

which greatly accelerates the formation of 

carbon dioxide . r „ rhonS would become slow 

However, this reaction like other cherm , n too o rC at a con 

and stop if the resulting products were t0 ac “’ f t |, e cells, where 
centration To prevent this, the bicarbonate ions pass trom 
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they have been formed, into the plasma This would result in an ionic 
imbalance because of an excess of negative ion concentration (bicarbonate) 
if it were not for the chloride shift which occurs at the same time The 
chloride shift involves the passage of chloride ions from the plasma into the 
red blood cells, thus maintaining the ionic balance 
In the lungs the condition is reversed Because of the relatively low 
concentration of carbon dioxide in the lungs, that material starts to leave 
the plasma Carbonic anhjdrase now breaks down carbonic acid within 
the cell to carbon dioxide and water, the carbon dioxide enters the plasma 
and passes into the lung alveoli To keep this reaction proceeding properly, 
bicarbonate ions enter the erythrocyte from the plasma and, by carbonic 
anh)drase action, more carbonic acid is formed and broken down, the hydro 
gen ions are derived from reduced hemoglobin as the latter material com 
bines with oxygen from the alveoli Owing to the greater increase of 
negative bicarbonate ions in the erythrocyte, the chloride ion passes from 
the cell to the plasma to maintain the ionic balance (Figure 248) 


ERYTHROCYTE PLASMA ALVEOLUS 



As pointed out before, hemoglobin, functioning as carba mi nohem oglo 
bin, also is efficient in earning carbon dioxide, releasing it to the lung 3S 
illustrated The carbon dioxide combines directly with hemoglobin 

llbNII, + CO, * HbVHCOOH 

Caibamino hemoglobin 
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This combination accounts for 10 per cent of the total carbon dioxide 
content of the blood 

Trom the foregoing it can now be seen how the pH of the blood is 
dependent upon the presence of buffer substances m it There are buffers 
that tend to prevent an increase in acidity and those that tend to prevent 
an increase m alkalinity The ratio between the two types is spoken of as 
the acid base balance Since the chief concern in the blood is the neutrahza 
tion of acid (carbonic), most of the buffers are weakly alkaline in action and 
are altogether spoken of as the alkali reserve 

ADDITIONAL READING 

Fulton, J r , Textbook of Physiology, 16th cd (Saunders 1950) eh 40 Gas 
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Prosser, C L ,Comparati\c Animal Physiology (Saunders 1950) ch 9 Com 
paratne physiology of body fluids and respiratory pigments 
Roughton, F J \V, and J C Kendrew Haemoglobin (New \ork Intersci 
ence, 1949), ch 8 Respiratory pigments of invertebrates 
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The Heat Regulatory System 


TEMPERATURES OF ANIMALS 

Animals can be classified according to their bodv temperatures, as (i) 
poikilotherms (commonly referred to as cold blooded animals) which 
include all the invertebrate animals and most of the vertebrates, and 
(2) homototherms (commonly called warmblooded) which include only 
two classes of vertebrates the birds and mammals The term cold 
blooded is an erroneous one, the animals included under it are cold 
blooded compared to buds and mammals only if the temperature of the 
environment is colder than the body temperatures of the homoiotherms In 
summer, when environmental temperatures reach 100 to 110 degrees V , the 
blood of so-called cold blooded ’ animals is actually warmer than that of 
birds or mammals Thus the term poikilothermic, which means changing or 
varied temperature describes the conditions as found in animals whose 
blood is usually, but by no means always, cooler than that of mammals 
Ilomoiothermic means steady or constant temperature and more readily 
desenbes those animals, birds and mammals whose bloods are usually 
warmer than the external environment 

POIKILOTHERMIC ANIMALS 

The animals that belong to the poikilothermic group are well known to 
everyone They do not have a mechanism for regulating temperature but 
tend to take on the temperatures of the surrounding environment It 

ENVIRONMENTAL TEMPERATURE • 6Q*F 


60* T2*F 



EARTHWORM GRASSHOPPER FISH 

FIGURE 249 

A comparison of bod} temperatures of three different poiLilothcrmic animals (commonlv 
referred to as cold blooded animals) when exposed to an external temperature of 60* 1 
422 
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THE HEAT REGULATORY SYSTEM 
should be noted that the animal temperature is usual!) shghtl) higher than 
the environment, a condition to be expected, since, if the animal is living, 
it is naturally metabolising and consequent!) producing heat which adds to 
its body temperature 


HOMOIOTHERMIC ANIMALS 


Man) factors are involved m the more or less constant temperature found 
in birds and mammals, of the homoiothcrmic group In the first place, 
heat is produced within the bodv of the animal b\ oxidative processes ac 
companying general metabolic activitv The essential basal metabolism 
alone produces sufficient heat for a homoiothernnc condition but often this 
is supplemented bv heat produced during muscular activit) I bus at 
ordinar) room temperature, 21 degrees C (or 70 degrees T ), heat must be 
thrown off since a greater quantit) is produced than the bodv needs for 


constant temperature 

Actual!), the temperature of these animals shows a great deal of v irntion 
The development of such a mechanism of temperature control has been 
gradual Tor example, some of the lower mammals supposedly having 
developed from reptilian forms, have much greater difficult m regulating 
temperature titan the higher mammals In some higher forms, such as Me 
dog, rabbit, and cat, the heat control mechanism docs not function at birth 
Will the result that the joung of these annuals mi) be regarded as poikilo- 
thermic, although not so much so as the tmlv poililothcmuc forms 

The maintenance of a homoiothcrmic condition is parth regulated bv 
means of nerve centers in the brain (the thalamic region) >c cc s in 
•his region arc verv sensitive to slight temperature changes m ic > 001 . an 
react according]), or thev mav be activated rcflcvlv vu impulses fron t 
skin areas Sometimes this nervous mechanism nm * » ur 
normal act, on through the use of anesthetics or bv taiom « , 
•‘self 1 he animal mav, therefore, approach a poihlo hcmuc co nd - and 
its tcinnpMimcM ill imd fn become the same as that of ic cnvi 
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The constant, relatively high temperature of the mammalian body ensures 
a greater mental alertness along with physical activity 

The processes that go on in the mammalian body, do so at various optimal 
temperatures In other words, some reactions are most rapid at 3; degrees 
C others at 40 degrees C , and still others at 50 degrees C Therefore, a 
change in body temperature would accelerate some processes while retarding 
others 


BODY TEMPERATURE IN MAN 

The normal temperatures for man range between 98 degrees F and 99 
degrees F for oral or 99 degrees T and a 00 degrees F for rectal (it is slightly 
higher for infants and young children— o 5 degrees to 1 degree F ) He 
maintains this temperature over a wide range of environmental changes 
from below o degrees to above 100 degrees F Temperature changes occur 
quite frequently the range usually being much greater m infants, since their 
regulatory mechanisms are not yet perfected 
The body temperature m man \anes from early morning to late evening 
Usually the lowest temperature is found between the hours of 5 and 7AM 
when it is slightly lower or greater than 98 degrees T (36 degrees C ), the 
high point is usualh reached between 4 and 7PM after a gradual increase 
during the day the greatest temperature being about 99 degrees F (37 3 
degrees C ) 

If a person should change his daily routine so that his working period 
would come at night and his sleeping hours during the da) the low and 
high temperatures would soon reverse themselves 
A great difference m temperatures occurs at different locations on or m 
the body Natural!), because of its direct contact with the external en 
\ironment the temperatures of the skin are lower than those of the rest of 
the bod) at ordinar) room temperatures 
At room temperature (21 degrees C or 70 degrees T ) that of the skin 
of the forehead ma) be around 90 to 92 degrees T but var) mg with the 
temperature and humidit) of the surrounding air Inside the bod), the 
heart temperature is found to be around 101 8 degrees F (38 8 degrees C ) 
and that of the h\er 104 degrees F {40 degrees C ) 

BALANCE BETWEEN HEAT PRODUCTION AND HEAT LOSS 
Since heat is constant!) produced m the bodv and since it is just as con 
Stantl) lost from the bods, there must be some means of maintaining a 
balance between the two processes In other words, heat production must 
equal heat loss in order that a constant temperature be maintained if the 
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production is greater than the loss, the body temperature nses, if it is less 
the body temperature falls 

Heat is produced in the body chiefly b) oxidation If the activity of an 
animal is increased the heat production increases correspondingly, and 
some mechanism must function to aid m dm mg off the extra heat On the 
other hand if the temperature of the environment decreases to a low level 
great quantities of heat are lost if certain mechanisms are not brought into 
play to overcome the loss The feathers of birds and the hair of mammals 
make excellent insulation This is especially true if a greater dead air 
space is formed at the base of the hair or feathers bj their erection owing 
to the pull of the pilomotor muscles at that point (page 172) Man protects 
himself from too great a heat loss in cold environment by clothing himself 
appropriately 

MECHANISM OF HEAT LOSS 

There are several avenues for heat escape from the bod) by waj of (r) 
excretory material (a) the lungs and (3) the slan 

The heat loss by «a> of excretion is very small being about a per cent 
of the total loss This for the aicragc indmdua! is equal to about 60 
calories per da. Approximate .4 per cent of the heat is lost through the 
lungs or about 420 calories and 84 per cent bj nay of the shin (2520 
calories) Altogether about 3000 calories ate lost eseiy 24 hours 


Heol Loss by Woy of Lungs and Excretion 

Sweat is a form of excretion but it will be considered with heat loss 
through the shm The urmc and fcccs arc included here, although the 
heat loss is rather small compared .0 the ether outlets 

A much greater amount of heat is lost through the lungs than b> cxcrc 
lions The ’inspired air is heated ..ben it enters the lung about 4 per cent 
of the total heat being lost ... this manner In addition heat is lost as the 
result of evaporation since tl.c a,r ... the lungs becomes saturated at hod. 

. I w. Animals such as the dog and cat do not sweat as do humans 

rjr^ glands heing s, mated on the ^ds of there feet toss of beat 
: , ^ 1 in wav of water vapor is therefore a ven important 

outlet* ' Into" ueather dogs inercase then .rater elimination b> panting 
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of air that collide with it, (3) conduction, which is the transmission of eat 
energy hy molecular vibration, that is, heat transmission from a warm body 
to a cold one by the transfer of molecular movement within the warm body, 


to the cold one, (4) evaporation of sweat 
The degree of dilatation of the blood \essels of the skin determines tn 
amount of heat brought to the surface, thus determining the temperature ot 


the radiating surface 

The heat loss is much greater bv wav of these processes on a cold day man 
on a warm or hot day when the skin may actually absorb heat from the 
air, although other factors continue to aid in heat loss Heat prostration 
increases during summer months when both temperature and humidity are 
high Humidity prevents sweat from evaporating and the body temperature 
thus tends to increase 


REGULATION OF BODY TEMPERATURE 

It is known from experience that a spinal mammal is unable to regulate 
its temperature Such an animal must be kept warm artificially if it is to 
survive at all The same is true for a decerebrate and a midbrain animal 
These animals never sweat or shiver when exposed to heat or cold, re 
spcctively It has been found that if the hypothalamic region, just above the 
red nucleus, is intact the animal can maintain a constant temperature Tins 


is called the temperature or heat center 

If an intact animal is exposed to cold, several reactions occur in order to 
prevent too great a heat loss These may be reflex m action by way of 
sensor) nerves to the hypothalamus, or the) may be caused by the shghtlv 
cooler blood which when it reaches the h)pothalamus, stimulates neurons 
leading to striated muscles, pilomotor muscles, adrenal glands, and vaso 
motor and cardiac centers in the medulla The respective responses arc 
as follows ( 1 ) 1 here is an increase in the tone of the striated muscle which 
finally leads to shivering Tins act produces more heat (2) Other motor 
discharges pass to the medulla of the adrenal gland causing greater flow of 
adrenalin which increases the rate of oxidative metabolism and consequent!) 
results in increased heat production (3) Impulses to the vasomotor centers 
bring about a constriction of the peripheral blood vessels thus routing the 
blood through deeper parts of the bod), and in this vva) prevents too great a 
heat loss The heart rate is also increased and aids m the distribution of 
heat If the cooling is local, onl) that area is affected (4) The pilomotor 
mechanism becomes active, causing the hairs to rise In man, this reflex, 
which results mercl) in the formation of * goose flesh,’ has lost its value but 
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in the birds and furry mammals it gi\es greater protection against heat 
loss Man must resort to clothing 

If an animal is exposed to heat, impulses affect a region in the hypothala 
mus and the following reactions are observed (1) Impulses pass down the 
cord and over sympathetic neurons to the sweat glands and cause them to 
secrete, thus increasing the heat loss (2) B) way of the medulla, vaso 
dilator nerves carry impulses to the blood v es 
sels and increase the blood supply to the skin 
region It is also true xn this case, that if the 
heating is local, the effect is local 

FEVER 

When the temperature of the body is 
greater than normal, the condition is called 
fever Many diseases are accompanied by 
an increase in temperature Temperature 
charts arc made for severe cases, especially 
those which are hospitalized An expert can 
to a certain extent diagnose tjpe of disease 
bv such a chart 
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whether or not we should attempt to overcome the condition unless the 
life of the person concerned is in immediate danger Temperatures up to 
105 degrees T may be beneficial to the bod) in their effect upon the or 
ganisms or mechanism producing the increased temperature, but above 
105 degrees F , it becomes dangerous The limit for humans is about 108 
degrees F 


SUNSTROKE AND HEATSTROKE 

Sunstroke is caused b) excessive exposure of the head to the heat of the 
suns rajs It increases the temperature of the brain which causes the 
cerebral arteries to dilate and the cerebral blood pressure increases This 
mav bring about paraljsis of some of the vital centers in the cerebrum and 
medulla cspcciallv those controlling respiration heart action and vaso 
motor action A hat acts as a protection to a certain extent since the air 
space between it and the head is good insulation If the air lmmcdiatch in 
contact with the skin of the head is continuouslv replaced as bv a person 
mov ing about freclv the conditions that lead to sunstroke are minimized 
I leatstrokc is an exccssiv c accumul ltion of heat w lthiu the bod) occurring 
if one is too h cavil) clothed or if one exercises too strenuous]} without rest 
mg or cooling off It is a common occurrence m tropical regions and m 3 ) 
be fatal Bodv temperatures ma) rise to 41 degrees C (106 degrees T) 
or even 43 degrees C ( 109 degrees F ), at which level conditions arc almost 
hopeless 


ADDITIONAL READING 

Best C H and N B lavlor Physiological Basis of \lcdical Practice 5th cd 
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Newburgh L II Ph)swlog\ of Ilcat Regulation and the Science of Clothing 
(Saunders 1949) ch 4 Regulation of bod) temperature 
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perature and metabolism of vertebrates and invertebrates 
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The Food of Animals 


NEED FOR FOOD 

The rooD matlrials needed In liung organisms have three main functions 
(1) production of energy, (2) provision of materials for incorporation into 
the protoplasm of cells, and {3) contribution to the general wellbeing and 
proper metabolism for maintenance of life processes The two last men 
honed functions are undoubtedly closely related Materials may be used to 
replace old worn out protoplasm or to synthesize new protoplasm (growth) 
Although we recognize the need for substances such as proteins, fats and 
carbohydrates to ensure growth and function, we must realize also that the 
animal body could not survive for long without vitamins and minerals, as 
well as water Even carbon dioxide, which we have come to regard as a 
waste substance of the metabolic processes within cells, has been shown to 
be beneficial in the proper growth of certain protozoan forms 
Grow th occurs in both nonliving and living matter In nonliving matter 
it is usually spoken of as growth by accretion Sodium chloride crystals, 
for example, grow in this way, but only if the surrounding solution is 
saturated with sodium chloride The molecules of sodium chloride solu 
tion simply add to those already present in the crystals Growth in living 
matter, or protoplasmic growth, is growth by intussusception — a process in 
which the substance already existing (protoplasm) endowed with the 
property of acquiring and utilizing simple materials, builds them into its 
own complex substance, that is, protoplasm 

The animal, therefore, must first obtain food prepare it for absorption by 
digestive processes, if necessary, and then pass it on to the body cells for 
use 


ESSENTIAL ELEMENTS 

Protoplasm contains and needs a great number of different elements, 
especially those of lower molecular weight It is often difficult to say 
whether all of the elements present are essential to the life of the organism, 
or whether some are present merely because of mechanical absorption from 
the environment It is known, however, that many more elements are 
essential than were once believed to be indispensable 
431 
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About 95 per cent of liung matter consists of four elements— oxygen car 
bon hvdrogen and nitrogen small amounts of such elements as sodium 
potassium calcium magnesium iron phosphorus and sulfur are present 
also as well as minute amounts of many others 
Naturally these elements must be taken in with the food material Some 
times animal systems are verx efficient at concentrating within their bodies 
trace substances of the environment It will be recalled that in Chapter 
30 brief mention was made concerning the presence of \anadium in the 
blood stream of the marine animals the tumcatcs Vanadium has never 
been detected in sea water by known chemical methods yet these animals 
can extract relatively large quantities from the water in which thc\ live 
A similar case is that of marine moll usks which extract copper for use as 
part of the licmocyamn molecule in their blood stream although this clc 
ment is in extremely low concentration in sea water — about one part in one 
billion 


THE TYPES OP FOOD USED BY PUNTS AND ANIMALS 
Since animals cannot utilize most elements as such their nutrients 
usuallv consist of very complex chemical compounds such as protein fats 
carbolivdratcs vitamins and the less complex inorganic salts and water 
Most of the colorless plants arc also dependent upon complex materials as 
foods Even the protozoans generally require the same types of food that 
higher amnnls require The simplicity of organ and organism structure is 
no criterion of protoplasmic condition which is as complex in the simplest 
organism as in the highest The complexity of higher organisms is a result 
of the formation of specialized tissues and organs from great numbers of cells 

CHEMOSYNTHESIS AND PHOTOSYNTHESIS 
Some bacterial forms arc capable of synthesizing complex organic mite 
nils from carbon dioxide and inter by the process of c/icntoy nlhcsts Hu* 
means simply that the cncrgv required for the svnthcsis is obtained bv oxidi 
lion of substances m the reduced form such as ammonium chloride and 
Indrogen sulfide Nitrosomonas a bacteria! genus bv means of the cncrgv 
liberated when ammonia is oxidized to nitrite produces new protoplasm 
Most plants have a green pigment, chlorophvll which usually has a 
prominent location in the plant in so far as exposure to sunlight is concerned 
P/iotosvnf/icsw ts the process m which carbon dioxide and water arc muted 
in the presence of light, vv itli chtornpln II as a catah tic agent to foim catbo- 
Imitates In other words through the action of chlorophvll the radiant 
cncrgv of sunlight is changed into chemical cncrgv In the union of carbon 
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dioxide and water to form starch It is not known whether tins process or 
chcmosynthesis was the first to appear in hung matter, more than likely, 
chemosynthcsis existed long before the development of chlorophyll 



FIGURE 251 


Animal and plant metabolism contested (Red, awn !« P»b T/ie World 
of Life by permission of Houghton Mifflin Co ) 


Some investigators maintain that the earth was at one time a molten 
mass which gradually cooled, completely enveloped at first by enormous 
clouds of steam, so that no sunlight could penetrate 

Protoplasm, capable of chemosynthesis could have originated in thrs 
darkness, and’ chlorophyll may have der eloped later, when the clouds dis 
appeared and the sun s rays reached the earth 

Some animals, such as termites goats eons, and horses, can utilize cello 
lose and the hemicellulose making up the woody parts of plants The actual 
digestion however, is earned out in the alimentary tracts of these animals 
by enzymes produced by microorganisms living there symbolically Tire 
termites do not need protein or ammo acids in their diet, although nrtrog 
enous substances are absorbed through then alimentary tracts and used 
in protein synthesis within their bodies It is believed that microorganisms 
in the intestine may utilize atmospheric nitrogen in the production of com 
plex nitrogenous substances needed for body repair and grow th 
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PROTEINS 

The proteins arc the most important and also the most complex con- 
stituents of protoplasm, having very large molecules, as indicated by t eu 
molecular weights. Hemoglobin, a protein, has a molecular weight around 
67,000, and some of the hcmocyanins, above 10 million. 

Proteins are indispensable for life and, therefore, occur in all living sub- 
stance. The elements carbon, hydrogen, oxygen, and nitrogen are always 
found in proteins; sometimes phosphorus, sulfur, and iron also arc present. 

The nitrogen and carboxyl content of protein is significant since it « 
through the amino ( — NH S ) and carboxyl ( — COOII) groups that protein 
linkages arc made possible. 

Upon analysis, it is found that proteins consist of amino acids. These 
arc formed when a protein is broken down by hydrolysis, a process by means 
of which water is added to the various parts of a molecule so that the 
molecule is stabilized as soon as it is separated. For example, 


Peptide Linkage 
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The union between the amino and carboxyl group is called a pepti c 
linkage. If two amino acid molecules arc joined in this manner they m I,n 
a d 1 peptide; if three, a tripeptide; and if there arc many amino acids, they 
form a poh peptide. 

'Hie human bods contains twenty -one to twenty-fisc amino acids, all o 
which can be combined in different ways to produce different proteins. 
The student can obtain a list of them and their formulae from any textbor 
in biochemistry. 'Hie simplest amino acid is glycine; cystine is one con 
taimug sulfur: 
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Other amino acids are mucli more complex than these and may have 
aromatic, indole, and pyrole nuclei Because of the presence of these 
groupings, it is possible to make qualitatne color tests for proteins Pre 
cipitation tests also are useful and are initiated by (1) concentrated acids, 
(;) salts of hear 1 } metals, and (3) reagents such as tannic, picric, and 
chromic acids Proteins are coagulated by heat, the change altering their 
nature 

Specific mdiriduality m hung systems is possible because of the enormous 
numbers of different proteins that can be produced simply by a change in 
an ammo acid or in its linkage within the protein molecule Even the 
proteins of the bloods of humans differ so that the blood of one person may 
not be compatible ruth that of another 

When taken into the bodies of animals as food, the proteins cannot pass 
through the membrane of the intestinal wall Therefore, they first must 
be broken down into amino acids It is possible that an animal can exist 
without protein in its diet, if given the proper mixture and proportion of 
amino acids ruth other essential foods The animal cell can synthesize 
some amino acids but usually only the simpler ones It evidently cannot 
synthesize the more complex groupings, those which contain the ring groups 
must be supplied by preformed proteins The following amino acids are 
said to be indispensable to higher animals lysine, valine, tryptophane, 
methionine, histidine, phenylalanine, leucine, isoleucine, threonine, and 
arginine Some proteins are inadequate because they do not contain all 
of these essential amino acids Thus the protein in corn is deficient in 
ammo acids needed for growth Many different protein foods should, 
consequently, be used in the diet 

CARBOHYDRATES 

Carbohydrates are the chief source of energy in animals They are 
assimilated by plants in the photos) nthetic process The plant can then 
use, in the production of proteins, its carbohy drates and the nitrogenous sub 
stances entering it from the soil by way of the root system 

Carbohydrates are made up of three elements— carbon, hydrogen, and 
oxygen The hydrogen and oxvgen arc usually in the proportion necessan 
to form water Glucose, C.H..O, has hydrogen and oxygen in proportion 
to form six molecules of water Since there are exceptions to this rule, the 
carbohydrates have been defined os the aldehyde or ketone dernati.es 0/ 
pohhydnc alcohols Glucose, for example, has the formula as shown m 
Figure ; ;2 which is an aldehyde dcrivatire of a polyhydrie alcohol, whereas 
fructose is a ketone dematne 
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FIGURE 252 

The monosaccharide sugars 


Lin. 0 ame for all — C a H 12 O a . Any 
sugar with this formula is called 
a monosaccharide. The carbohy- 
drates must be hydrolyzed to mono- 
saccharides in the alimentary tract 
of mammals before absorption can 
take place Glucose is the most 
common of all and is the only car- 
bohydrate utilized as a source of 
energy in the mammalian body. If 
other monosaccharides are present 
they may be absorbed, but arc 


quickly transformed within the liver into glucose. 

The disaccharides all having the same empirical formula, C 12 H 22 0„, 
arc formed by the union of two monosaccharide molecules with the loss o 
one molecule of water The disaccharides, sucrose, lactose and maltose, 
may be broken down by hydrolysis into simple sugars, this action being ai c 
by enzymes found m the small intestine. 


Sucrose + 11,0 > Glucose + Fructose 

Lactose + ll]0 > Glucose + Galactose 

Maltose + H,0 ► Glucose 4- Glucose 


Because of the presence of the aldehyde or ketone groups, the sugars arc 
good reducing agents. They will take up owgen from other substances 
and then become oxidized thcmsclscs, a characteristic utilized clinically m 
the determination of blood and urine sugars If a solution, such as the 
blood or urine of a diabetic person, is boiled with a small quantity of copper 
sulfate, a yellow to reddish precipitate is formed. The cupric sulfate is 
reduced to cuprous oxide due to the action of the aldehyde group of the 
glucose molecule. This reaction is obtained with all three of the monosac- 
charides as well as lactose and maltose, but not with sucrose. The sucrose 
molecule is fomicd by the union of the ketone group of the fructose mole- 
cule with the aldehyde group of the glucose. Hence they arc not free 
to exert their reducing action 

Lsidcntly the body can form carbohydrates from fats and proteins. Thus, 
it is difficult to produce evidence in respect to the necessity for carbohydrate 
in the diet. Howes cr, the csidcncc at hand seems to indicate that the 
animal must has c carbohydrates in its diet if it is to remain in good physic* 
condition. 
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Glucose is stored m tlic nmnnl bods (clued; in the liscr and skeletal 
muscles) in the form of gfveogen (animal starch), ami in plants as plant 
starch and the celluloses of plant ssalls, such materials arc called polysac- 
charides. 'Hie molecule of starch consists of tssents four to Hurt; mole- 
cules of simple sugar, sshercas that of glscogcn Ins about tssclsc or fifteen 
molecules, cellulose has man; more 


FATS AND LIPOIDS 

Fats and lipoids arc important constituents of most foods and, csidcnth, 
in mammals some of the cncrg; during normal actisits is obtained from 
this source. Cholesterol and phospholipids, such as lecithin, arc of great 
importance to the normal functioning of the cell, railing up the cell mem 
branc and functioning m pcrmcabillt; hats can be produced from embo- 
li; drates, as is witnessed In the caccssu c accumulation that occurs in some 
indm duals who cat large quantities of the latter, such as candies and other 
sweets. 

The neutral fats or true fats arc defined as the triglycerides of fatty acids 
This refers to the union of one ghcerol molecule with three fall; acid 
molecules to form a fat The t;pc of fat depends upon the fall; acid 
molecules Cl;ccroI is an alcohol and, hie all other alcohols, contains the 
—Oil group connected to its carbon atoms, since it has three carbon atoms, 
it therefore has 3 -Oil groups A fat is produced if three molecules of 
fa’tt; acid, such as stearic acid, unite at the position of the -OH groups of 

the gljCCTOl. 

C| 7 H 35 CO oh ho- p c, 7 h 35 oco - p 

C 17 H 35 COOH tHO-CH — » 0 I7 H 35 000-0H + 3H 2 0 

C |7 H 36 C00H HO-CH-, C, 7 H 35 000-CH 2 

si * o„c H a!S,m 

AM 

FIGURE 253 

Production of fat by muon of glycerol and stearic acid 


The fats are insoluble m water but are soluble m alcohol, chloroform, 
ether and benzene They arc crjstall.zable although their waxhle texture 
would suggest othenv.se They are probably present m all hung material, 
plant and animal The importance of lipoids (fatlile materials) is much 
more evident than the importance of fats although certain fatty acids such 
as oleic, seem to be essential to proper functioning and formation of the 



43g NUTRITION AND ELIMINATION 

skin, a deficiency in these may lead to shin rashes, curable by the addition 
of the fatty acids to the diet Such lipoids as cerebrosides and phospholipins 
probably occur in every liung cell, in nervous tissue these seem to be 
especially abundant although they are plentiful also in other tissues 
Cholesterol is found m cell membranes, sometimes that in the bile crys 
tallizes out in the gall bladder and forms gallstones which may interfere 
with the flow of the bile 

INORGANIC SALTS AND WATER 

The importance of inorganic salts and water has already been emphasized 
Man) elements in the form of inorganic salts are essential The salts of 
sodium potassium, calcium, magnesium, iron, copper, and phosphorus are 
of especial interest and have been studied to a greater extent than the salts 
of other elements The first forms of these elements have been studied b) 
man) investigators in reference to ion antagonism and other phenomena 
Tlicv are chief!) the concern of the cellular physiologist but it is interesting 
to note that usuall) an antagonism exists between the action of the monova 
lent and bivalent ions Tor example, sodium and potassium tend to solate 
protoplasm while calcium has the opposite effect Both types must be 
present m order to strike a proper balance The same antagonisms are 
shown in the action of these ions on the heart 

ADDITIONAL READING 

Albanesc A A Proteins and Amino Acid Requirements of Mammals (New 
York Academic Press, 1950) A detailed clinical account 
Sherman H C , and C S Lanford Essentials of Nutrition, 2nd cd (Mac 
millan, 1943) General considerations of food and diet 
Soshin S, and R Levine Carbohydrate Metabolism (University of Chicago 
Press 1952) General discussions of carbohydrate utilization in the bod) 
and influencing factors 
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The Vitamins 


Vitamins are accessory food substances, required by the body in rather 
minute quantities Thej are difficult to define specifically but in general 
they maj be said to consist of organic substances essential to proper function 
mg of the bod > as a u hole Trom the v cry beginning of research on v itamins, 
scientists suspected their relationship to enzymes since only extremely small 
quantities of the substances are necessary to produce a specific action 
Recent work has substantiated this supposition 

It is difficult to designate an) particular person as the discoverer of the 
vitamins The vitamin C deficiency disease, scurvy, was known to the 
ancient Greeks and especiallv to manners during long voyages These de 
ficiencv diseases were usually suspected of having been produced by some 
injurious substance in the diet In .77a Captain Cool, an English ex 
plorer, made an extended three year vovage, noted in history because of the 
fact that his crevv did not develop scurvy He claimed this to be the re 
suit of use of fresh fruits and vegetables Whenev er the slops stopped at 
a port, they were loaded with all of the fresh foods they could secure As 
a consequence, his men remained in good health 

Beriberi was well known to the ancients and it also, vvas believed to ap- 
pear because of some injurious substance in the diet It has occurred es 
penally in Asiatic races among the Chinese, Japanese, and Indians, who 
use polished rice as their staple food In the , ears immediately preceding 
the recognition of beriberi as a deficiency disease, it was thought to be caused 
by a fungus on nee However, ,n .887 the Japanese found that an increase 
,n the variety of food served to check its appearance The disease did not 
occur among their soldiers and sailors during tl.e Russo Japanese War in 
1904, the same foods that formerlv had seemed conducive to the disease 
vv ere used w rth rice as a staple but in addition, the men receiv ed fresh fruits 
and v eeetables Thus, it vvas realized that the disease could not be caused 
by the presence of a toxic substance in the diet or by a disease producing 

TnTsoy a Dutchman by the name of E.jlman came verv close to a sole 
turn of the problem Buds are vciy susceptible to certain vitamin de 
Sciences and develop polyneuritis, a condition similar to benben in hi, 
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mans Eijkman discovered that chickens developed polyneuritis when fed 
polished rice, hut could he cured if given the rice polishings He, how 
ever, failed to realize, as did others, that a dietary factor was involved, hut 
suggested that some toxin present in the polished rice was active in pro- 
ducing the disease He thought that the polishings contained a substance 
inhibiting the action of this toxin 

Actually the first studies made on vitamin action were histological (that 
is studies made on the effects of vitamins on tissues), although nothing was 
y et known about the physical or chemical characteristics of vitamins These 
investigations, carried out some fifty years ago, have been confirmed again 
and again Scientists found that the nerves of birds and mammals afflicted 
with polyneuritis or benben, show a degeneration of the myelin sheaths It 
is generally known now that the nervous system is especially affected by this 
deficiency 

Until the early part of this century, the diet requirement of animals was 
thought to consist only of water, carbohydrates, fats and proteins plus small 
quantities of inorganic salts The English biochemist, F G Hopkins, m 
1906, evidently recognized the necessity for additional substances, but he 
did not publish experimental proof for his theories until 19x2 McCollum 
(1913) and his co workers in this country also recognized the necessity for 
accessory food substances’ in the diet Funk, in 1911, had used the term 
utamme to describe one of these factors, but McCollum discovered that 
the one he was working with contained no amino group Later, the c 
was dropped and we still use the term vitamin except where the chemical 
nature has been established 

The vitamins may be grouped into those that are fat soluble (A, D, E, and 
K) and those that are water soluble (B complex and C) The use of the 
alphabet for identifying the vitamins is fast disappearing as their molecular 
structures become known and their chemical names can be applied ac 
curately 


VITAMIN A (ANTIXEROPHTHALMIC VITAMIN) 

McCollum discovered this vitamin, calling it "fat soluble A ” As yet no 
common chemical name has been given to it, although the chemical formula 
is known Vitamin A is denv cd from plants in the form of carotene ~ Some 
relationship exists between the green or yellow color of plants and the 
amount of carotenoid present The carotenoids are found generally 
throughout the plant kingdom, often associated with another closely related 
plant pigment, xanthophyll 

Some of the common plant foods that may furnish us with a good supply 
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of carotenes are ) cllow sweet potatoes the outer green leaves of lettuce, 
carrots, yellow corn, spinach, string beans, green peas, cantaloupe, bananas, 
and pumpkin The so-called “white \egetables ha\e very little The best 
animal sources of utamm A are fish and mammalian h\er, and such dairy 
products as butter, cream, and egg yolk Cod h\er oil and halibut liver oil 
are especially rich in this vitamin, comerted by the fish from carotene ob- 
tained from algae, diatoms and other marine plants Large fish may se 
cure v itannn A directly by feeding upon smaller fish which have constructed 
it from carotene Since plants ne\ er form \ itamin A, and animals are able 
to produce it only from the provitamin carotene, animals are, therefore, 
ultimately dependent upon plants for their supply 

Of the several carotenes existing in nature, beta carotene having the fol 
lowing formula is of chief importance, since it furnishes two molecules of 
vitamin A 



In the bod.es of mammals, the carotenes a.e emuls.fied by the acton of 
We salts They are transformed rnto vrtamm A as they are absorbed 
through the mtestmal walls, and are then earned to the In er where they are 
stored The conversron of carotene rs slow and ."complete, only about 
20 per cent bemg changed to vrtamm A How thrs occurs ,s not known, 
but rt rs thought to he initiated by an enzyme, catotenase U^eqnant.t.« 
of vrtamm A are stored m the lner of mammals and of certam fish the l.ver 
of certain species of halibut containmg almost i per cent by « eight 

The concentrat.on of vrtamm A rn the hver of the newborn mfant rs 
low Evidently rt rs not transmuted through the placenta bat dunng the 
first few weeks after b.rth, the supply stored m the hver gradually racreases, 
from that contarned m the mrlk Tire vrtamm A coneentratron rs hrghm 
human milk, especially in the colostrum (the first Hurd secreted by the breast 

f °' vSn A toE mWsatd^ scents, has been rsolatcd m crystal!, ne 
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form It is readilj oxidized m the presence of oxygen, but is quite re 
sistant to heat in the absence of oxy gen It may he absorbed in the absence 
of bile but the carotene must first he emulsified Therefore, in cases of hi c 
deficiency, either the pure \itamm is fed or bile salts added to the diet, in 
order to ensure the absorption of the carotenes 

Effects of Yitamm A Deficiency 

Numerous symptoms result from \itamm A deficiency 

1 Retardation in growth When the \itamin was first discovered, it 
was called the growth vitamin, but failure of an organism to grow m its ab- 
sence is only one of its characteristics 

2 Ntghtblindness One of the most outstanding changes found in vita 
min A deficiency is a decrease in the ability of the eyes to become dark 
adapted, a condition called “ ntghtblindness ” or nyctalopia (page 244) 
This condition as well as its treatment, has been known for centuries but 
knowledge concerning the mechanism involved has been accumulated on > 
recentlv 

The visual purple or rhodopsin found in the penpheral segments of the 
rods of the retina contains vitamin A m its molecule The formation of 
visual purple in the eye depends upon the presence of vitamin A The 
breakdown of the visual purple, producing visual yellow when light strikes 
the retina, has been clearly described (Chapter 18) 

light 

Visual purple Visual yellow (Retincne) 

dirk 

The energv produced by this reversible reaction is utilized by the nerve end 
ings in initiating the impulse The resynthesis is not 100 per cent efficient 
and, therefore, some of the vitamin, along with other parts of the rhodopsin 
molecule is lost It is obvious, therefore, that there must be a continuous 
supplv of vitamin A available for use in the retina 

3 Xerophthalmia An inflammatory condition of the eves known as 
xcrophthahnta also results from a deficiencv of vitamin A, the function of 
the lacrimal glands seems to be suppressed, the cornea becomes drv and is 
thus exposed to infection The lacrimal fluid, lacking in this condition, 
is normally bactericidal and, hence, a protection against infection 

4 Keratimzdtion of epithelium A Leratmization of epithelial tissues 

n dryness and scahncss of the skin and comification of the epithelial linings 
of the Tcspiratorv, ahmentarv, and urinary tracts — is present in vitamin A 
deficiency Manv of the glands show a suppression of their secretions 
Earlv workers suggested that a deficiencv m uhmin A was responsible 
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Sc a . y to rad, (upper arm) caused b> vto- A **-* 
of Parle Daws and Co ) 
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tissues nil) lead to openings p ce unless lt B m t h c con]unctiva of 
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ably a surface resistance is invohed ratncr 

'"’V"'"” . liable from natural sources where its concentre 

Vitamin A is generally tHts or assays mai be used m order 

tion is not exact > now 01ie 0 f the most common being to com 

to determine the utamm IiaturaI source „f utamm A with that 
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Ylfamin* At and Ai , , ■ 

Apparently at least two forms of this vitamin exist, vitamin A x and A 2 , 
both containing the same number of carbon atoms but in different mo ecu ar 
arrangement. The following diagram indicates the relationship between 
the different types of vertebrates and the type of vitamin A occurring m 
them. 


V 


Marine Eshcs Land vertebrates 

y Vitamin A,) (Vitamin A.) 

Catadiomous fishes 

(Vitamin A,, chiefly, but 
also A,) 

Anadromous fishes Amphibia „ 

(Vitamin A s , chiefly, but ft (Vitamin Archie y, 

some A,) ^ j but also A,) 

Fresh-water vertebrates 
(Vitamin A a ) 

Anadromous fishes, of which the salmon is an example, are those spend- 
ing most of their lives m the sea, but returning to fresh water to spawn. 
Cuftjdromous fishes, such as eels, arc those living in fresh water but going 


into the sea to spawn. 

Vitamin A, becomes part of the porphyropsin molecule (found in the 
retinas of some lower vertebrates) which is the counter part of rhodopsin. 
Although the reactions that occur with porphyropsin arc not well known, u 
seems to undergo changes similar to those of rhodopsin upon exposure to 
light. In man, where visual sensation is dependent upon rhodopsin, vita- 
min A, is of very little value. 


The Vitamin B Complex 

The original vitamin B complex consisting of many vitamins, or factors, 
when first studied was referred to as the B, the antincuritic, or antibcn'beri 
vitamin. Hie difficulty in early separation lay in the fact that most sources 
for the one arc also good sources for the other, all types being soluble m 
water. However, not long after the B complex was discos ctcd, it ""js 
separated into two parts, the one was culled vitamin B for some years and 
the other vitamin G (or the growth and the antipclbgta vitamin), baler, 
tltcv were referred to as B, and the B, complex (consisting of many factors) 
respect is cly. 
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THIAMINE OR VITAMIN Bi IANTINEURITIC VITAMIN) 

Thiamine, the antmeuntic \itamm, has been isolated and synthesized 
It is produced only in plants, is stored in vcr> small amounts in animal 
tissues, is water soluble, and is fairly stable in acid solution 
Chemically it consists of two distinct parts, a thiazole and a pyrimidine 
nucleus, which are easily separated in neutral or alkaline media The name, 
thiamine, is denied from the fact that its molecule contains sulfur and has 
the following structure 


II,— C 
* n 


HC1 

I CH, 

N=C— NH I H 

I I H H /C— C— C— COH 

1 A C < I H H 

|j II c — s 

H 


N— CH 

_ , Thiazole 

Pyrimidine 

Thiamine hydrochloride 

Because of ,ts destructron at high temperatures thramme is not present 
m cauned foods However, rt ,s qutte rcstsfauf to ordrnary cooUng 

Most fruits and vegetables arc not good sources of tins vrtamm although 
they do add some to the dret Whole grams, yeast, peas, and beans are 
well supplied vvrth it, whereas lean meat, eggs, mill., and cheese contain 
small amounts Some barter, al synthesrs of thramme may take place rn 
the intestine but the quan.rtrcs synthesreed are no. sufficrent for meetrng 
body requirements 


Deficiency of Thiamine . . „ r 

Berrben, the drse-.se caused by thramme dcEcrency. crusts rn two form 
dry and wet the former assoented w.th nervous drsorders the latter wall 
circulation Dry benben, or polvncurrtrs develops rt the 

, en low Inflammation occurs in the peripheral 

nerves leading to a progress, ve paralysrs of the ..mbs Sensor, rncchamsms 

arc also involved ^ indu ced m birds, the prgeon berng cspccrally 

Polpicuntrs placed on a pohshed ncc d.et for 

“ show^ symptoms such a, hmb and wrng paralvsn 
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and retraction of the head These symptoms rapidly disappear if the bird 
is given small amounts of thiamine by mouth Sometimes an apparent 
recovery is made within twenty minutes to one hour after treatment de 
pending upon the condition of the animal and upon the dosage 



FIGURE 255 

P geon si o v ng the effects of defic ent th am nc intake Left p gcon suf 
fer ng from polyneur t s tl e equ valent of bcriben in man r ght same b rd 
an hour after treatment v th th amine (Redra vn from The Human Body 
and Us Fund ons Rev sed Ed t on by C H Best and N B Taylor By 
perm ss on of Henry Holt and Company Inc copyr gl t 1948 ) 

Wet beriberi manifests circulatory involvement with edema The signs 
and svmptoms of cardiac failure may be lacking entirely in the early stages 
Sometimes the first sign is a sudden circulatorv collapse the lungs being 
congested and the heart grcatlv dilated which may result in death 

Thiamine dcficicncv is said to arrest growth which is true for several of 
the vitamins for ipparent reasons 

Loss of appetite and loss of tonus of the smooth muscles of the gastro- 
intestinal tract arc early symptoms of an inadequate thiamine supply The 
direct effect of thiamine dcfici ncy however mav be on the nerves leading 
to the digestive glands and smooth muscles which thus fail to function 
properly As a consequence a marked failure of the digestive processes may 
follow 

Alcohol c Neur f j 

Chronic alcoholism is a common cause of thiamine deficiency and in 
direct U of neuritis Alcohol which is vitamin free replaces food containing 
essential factors of nutrition m the diet of the habitual drinker One quart 
of whiskey provides 2S00 calorics the total daily requirement of an adult 
male Alcohol as such is not the cause of the progressive neuritis which 
may lead to alcohol psychoses but rather it satisfies the caloric need of 
the lx>dv without furnishing the essential vitamins It has been shown 
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that symptoms of the thiamine deficiency disappear if adequate amounts 
of thiamine are supplied, e\en though the alcoholic intake is continued 


Requirements 

Most animals require thiimine in their diet There is still much to 
learn concerning the requirements of invertebrates but even those that 
seem to get along mcch Without it, ma, st.11 need it, the, may synthesize 
it themscl, es or have it s; ntl.esized vv .thin then alimentary tract by symbiotic 
organisms (organisms that live vvithm a host bodv, with the host and the 
organism benefiting by the association) 

The quantity of this vitamin required for humans varies with the indi 
vidual as well as with the amount of work he does Heavy work adds to 
the carbohydrate breakdown which in turn requires adequate s "PP h “ ° f 
thiamine It has been suggested that r a mg to a 5 mg daily should be 
taken with the diet containing from a 5 oo to qooo calories respective y 
Much more than this is needed during pregnancy 


Fundamental Action of Thiamine .. 

We naturally look for this fundamental action of thiamine in the ce ls 
and tissues themselves It has been shown that in b ' a,n l “ ue of P“ > 
neurit, c animals there is an accumulation of lactic and P)™' “ d “ 
the addition of thiamine to the diets of animals r«ultsm an increase in 

Thus ’ 

acid to acetaldehyde and carbon di 
metabolism, is comerted to pyru\ ic acid 


CH 3 CHOH COOH- 
Lactic acid 


-»CII s CO COOH + zH 
P\ ru\ ic acid 


„ the ruvic acid is com erted 

By the action of an enzyme, carboxylase, 

order ,0 act. 
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RIBOFLAVIN OR VITAMIN B, 

Vitamin B, was not recognized as a distinct entity for some time after 
the discovery of the vitamin B complex After the early separation of the 
original vitamin B into two parts (B and G) it was found that the B por 
tion was thiamine or B, It was soon discovered, however, that the so- 
called “vitamin G ’ consisted of many factors and for a time they were all 
included under the general term, B„-comple\ We no longer have a vita 
mm G, the term hav mg been discarded, but in its place we have B», B„ B 4 , 
B„ B„, and other factors, some of them known by a chemical name as well 
Riboflavin is a fluorescent pigment first found in milk and for a time 
called lactoflavin Later, however, when it was learned that ribose formed 
part of its molecule the vitamin received its present name 
It has been isolated and synthesized, its empirical (simplest possible) 
formula is C lT H. 0 O 6 N 4 and its molecular structure is shown m the following 
formula 


HCI 


CH,OH 


COH 

! 

HtjlOH 

HCOH 

I 

HCH 

H | / 

H,C — V N X C ^X C=0 

I If I 1 

H / 

O 


Its activity as part of an oxidation reduction system is owing to the 
presence of the two nitrogen atoms in the positions indicated by the arrows 
Riboflavin is heat stable provided the food containing it is acid It is dc 
stroved rapidlv in alkaline solution on exposure to light, especially ultn 
violet light, tins is one means of obtaining for experimental purposes, a 
food deficient m this vitamin 
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Riboflavin is found in liver, kidney, egg white, heart, lean meat, fresh 
milk, and greens. The bodies of ammals never give up all of their ribo- 
flavin content; csen the bodies of those having died because of the de- 
ficiency contain at least one third of the normal amount. 

In 103:, Warburg and Christian reported the presence of an oxidation 
enzyme obtained from yeast. It was a yellowish fluorescent compound, 
soluble in water, to which tlicv gave the name "yellow enzyme. Upon 
isolation this compound has proved to be a flasoprotein containing ribo- 
flavin. Flavoprotcins consist usually of riboflavin in combination with a 

protein and phosphoric acid. .... , ■ „ c 

Evidently they arc present in all body cells taking part in the c am 
reactions that occur during oxidative metabolism in ce s. 

Deficiency of Riboflavin 

Lack of riboflavin in humans leads to many symptoms. . - 

There may be a genera, reddening of the eye due to 
feeting the conjunctiva including the cornea, with the result that the person 
suffers from photophobia. Cheilosis makes 1 s app 



FIGURE 256 

Cucumcorneal v— caused by nbuflaviu by courtesy 

of Parke, Davis and Co ) 

ocnfvi'illv at the corners of the mouth, of 
lion marked by the presence, P e my a]so b£con , e af . 

fissures that are often blood), r 

fected - .. J ..in. pmeciallv of the scalp, neck, face, 

So-called “shark-skm, a f™ | d , by a re (ardation in growth, 
and ears, may develop, ^^"Jfeeding riboflavin. 

All of these symptoms may disappear o> 6 
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Requirements 

Riboflavin is required by practically all animals, as well as some ot the 
lower plants— yeast, molds, and bacteria, for example Its status in the 
protozoan phylum is as yet undetermined 
Humans develop a deficiency in this vitamin in spite of the excellen 
sources m nature It is believed however, that inadequate supplies are 
present only in the diet of those with exceedingly abnormal eating habits 
Some of the vitamin is evidently synthesized m the intestinal tract, but as 
in the case of thiamine, the quantity found there and absorbed by the bodv 
is insufficient for human needs The diet should be supplemented so that 
at least a daily intake of 1 6 to 2 6 mg is obtained along with a daily diet 
of 2500 to 4500 calories, respectively 

The Fundamental Action of Riboflavin 

Riboflavin, as a component of flavoprotein, has a fundamental action 
concerned with oxidation reduction A flavoprotein, consisting of ribo- 
flavin a protein and phosphoric acid, is present in most living cells evidently 
essential as an important cog in the chain of reactions known to occur dur 
ing cellular oxidation Riboflavin is the prosthetic or active group, acting 
not so much as an enzyme, but as a hydrogen acceptor and donator Evi 
dence indicates that, in the cytochrome cytochrome oxidase type of 
mechanism flavoprotein accepts hydrogen 10ns from the coenzyme and 
gives them up to cytochrome However, it has also been suggested that this 
substance can actually bring about the union of the active hydrogen, being 
passed to it by the coenzyme, and molecular oxygen, no oxidase being 
needed There is still much to be learned concerning the part played by 
the flavoproteins m oxidation reduction 

PANTOTHENIC ACID OR VITAMIN B, 

Pantothenic acid was isolated as one of the factors in the B complex 
in 1933 Although it is particularly valuable to yeast growth its involve 
ment in human nutrition is still controversial Its deficiency in the diet 
of chicks produces a dermatitis which can be cured by feeding the v itamin 
Hooded rats on a diet deficient m pantothenic acid suffer a loss of fur pig 
mentation Since calcium pantothenate corrects this condition it has been 
called the anti gray factor in rats 

Bound with protein in many types of animal tissues, vitamin B, is es 
pccially abundant in the hver and kidneys Rice bran is a rich source of 
supply, and some molds and bacteria produce it 
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It has the following chemical structure 

CH, O O 

h i H H H H 

HC f — ' 'f - ' h | 

OH CH, OH OH 

Pantothenic acid 
CHOLINE OR VITAMIN B. 

We have alreadj been introduced to one of the derivatives of choline 
acetylcholine (page 180), the chemical agent responsible for impulse trans 
mission of parasympathetic and certain other nerves to effector systems 
Choline is related also to fat metabolism Its neeessitj appeared as an 
aftermath of the researches on insulin bv Banting and Best A epan 
creatized dog develops a condition of fat infiltration of the liver Ins, 1 
was soon discovered, is not due to insulin deficient, but ratherto an alt ra 
tion the nature of fat metabolism itself vv.thm the liver 
lipids, lecithin and sphingom,ehn. are norma!!, formed in the liver f 
choline and fall, acids Both phospholipids are evtremel, important in 
most tissues In the absence of chohne absorption « ' a do 

pancreatized animal, because of the loss of several n««tne enzvnies), these 

lipoids cannot be formed by the Oliver cells are ev, dentil 

T - - the diet, the fat begins ,0 

X . colorless cDStanine substance, is ^ ^ 

marked tendency to absorb carbon 
vents It has the follow ing structure 


CH, 

H,C-v I H 


•N — C — CH,OH 
|/| H 
OH 


The fundamental action of chohne is tTs^'c 1001^1 

be raised as to 1,5 “T^bditv to' * incorporated into the hpoid 

present, its importance lies in irs ^ 



452 NUTRITION AND ELIMINATION 

molecules mentioned above and into the neurohormone, acetylcholine. 
There is some evidence for choline having an important role in the forma- 
tion of certain amino acids. 

NIACIN, NICOTINIC ACID, P-P FACTOR OR VITAMIN B, 

Niacin, or vitamin B s , known for many years as a derivative of nicotine, 
is sometimes called the pellagra-preventing, or P-P factor, since its absence 
causes the deficiency disease, pellagra. The term niacin is frequently used 
because of the possibility of confusing the term nicotinic acid with nicotine. 

Free niacin is not found in living cells but is excreted as such in the urine. 
Although it is not stored in any great quantity in the body, the liver, adrenal 
glands and lens of the eje contain substantial quantities. Small amounts 
arc found in milk, wheat germ and yeast. Naturally, since it is required 
b) all cells for oxidation, it is present to some extent in all tissues, in the 
form of nicotinamide. 

Considerable research was done in the 1930’$ in an attempt to discover 
the vitamin essential in pie\enting “blacktongue” in dogs, a condition 
analogous to pellagra in humans. Nicotinic acid and one of its derivatives, 
nicotinamide, were found to cure both. Nicotinic acid has the following 
formula: 
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The amount of this vitamin required in the human diet is still unknown, 
but from 10 to 20 mg. daily is evidently a substantial quantity offering good 
prophylaxis against pellagra. 

Fundamental Action of Nicotinic Acid 

Nicotinic acid is another of the vitamins that lends itself as a prosthetic 
group in a substance the fundamental action of which is important in the 
oxidation-reduction system of a cell. As already pointed out, it is not 
found in a free form within cells but is combined, as nicotinamide, with 
phosphoric acid, adenylic acid and two molecules of ribose. Two or three 
molecules of phosphoric acid may be involved. If two are present, the 
substance is called coenzyme I or diphosphopyridinenucleotide, whereas if 
three are present it is called coenzyme II or triphosphopyridinenucleotide 
with the following basic molecular structure: 



° r * n Phosphopvridmenuclcolidc 

(depending upon number of phosphoric acid molecules) 

Each of these is a hydrogen acceptor; it obtains this hydrogen, released 
from the metabolite (a substance used during the process of metabolism) 
by the action of dchy drogenase, and passes it on to the fla\ oprotcin acceptor. 

PYRIDOXINE OR VITAMIN B. 

importance of pyridoxinc in human metabolism is still questionable, 
hnl it is definitely needed by the rat, chick, dog. and pig. Lack of this 
vitamin causes a dermatitis, attended by' swelling and ulceration insolving 
the feet, paws, and cars, and the areas about the nose, mouth and eyes, to 
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appear m these animals These conditions are definitely counteracted by 
the addition of pyridoxine to the diet The molecular structure is as 
follows 

CH.OH 

I * 

C 

HOC C— CH.OH 

! II 

H 3 C-C ^ch 
N 

Pyridoxine 

Pyndoxine has been found in most common foods Wheat germ, seeds, 
legumes, muscle, In er, hidnev , and heart are good sources Man, common 
species of bacteria, including those in the intestines, sy nthesize it also, u hicli 
maj explain the difficulty in producing the deficient symptoms artificial]) 
Much remains to be done before the ph, siolog.cal action of pyridoxine is 
entirely understood Hovv ev er, evidence indicates that it acts as a cocnr, me 
"Inch is important for transaminations (transfer of the — * or amine, 

group from an amino acid to another compound) and certain decarboxala 
tions (removal of the -COOH, or carboxyl group) Tims the mitcml 
may be quite important in the metabolism of amino acids and fatty acids 

folic acid or fterouglutamic acid 

SMtl. the nonnal production of „„1. the result that 
in the intestine of humans as wen as om<-» 

one does not usually suffer from « c ,„ cks Ict3rds growth, and 

Absence of this vitamin m the d ct > , * ^ ^ ^ $ „ np 

’cads to an anemic condition It pure ro 
toms disappear 

VITAMIN In 

vitamins'" «nfi 'Z'Z 


itamins Its discosen has aiucu & * mes 

as existed m reference to pernicious anemia and Us causes 
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In the chaplet on blood phjaologj it ttas pointed out that a substance 
important for red blood cell product.on is stored in the liters of health) 
indn iduals This substance, sometimes called the antiancmic factor or 
erythroc)te maturing factor, is formed by the action of an intrinsic factor 
(occurring in gastric puce) on an extrinsic factor (tahen with food) 

It is now thought that utamin B,. is both the extrinsic factor and the 
erythroc 5 te maturing factor This conclusion is based on the fact that, 
if utamin B,. is fed to a patient suffering from pernicious anemia, it has no 
effect, but, if it is injected, it is higlil) effective in stimulating formation ot 


red cells , 

Further research has shown that utamin B s , given onll), together vvi 
gastric juice from a normal individual, is also highly effective in pro uc 
tion of red cells Evidently the intrinsic factor, a protein produced by the 
mucus secreting cells of the gastric glands, facilitates absorption of utamin 
B,. , 

Vitamin B x , is apparently synthesized to some extent by bacteria m e 
large intestine how ever, since it is absorbed only in the upper small intestine, 
and since the intrinsic factor is necessary for tins absorption, the vitamin 
produced m this manner is of no value to the indiv idual 

Although the chemical structure of B t * has not been ascertained, as ye , 
it is hnovvn that cobalt is an essential part of its molecule The best source 
for vitamin B,. is liver 


OTHER VITAMINS FOUND IN THE B COMPLEX GROUP 
A number of other materials are sometimes listed vv ith the B complex 
group, although m many cases, a definite need for these substances is di 
cult to demonstrate in humans 

Citrin (vitamin P) sometimes included in the B group, is a substance 
evidently contributing to the normal condition of the walls of small oo 
vessels its function thus being closely associated with utamin C Persons 
suffering from capillary fragility, a condition in which pin points of hemot 
rhages appear in subcutaneous areas, may benefit by administration of t us 
vitamin Some controversy exists still concerning its exact chemical na 
turc, but it probably consists of several substances 

Inositol, biotin, and para aminobenzoic acid (PABA) are all materia s 
for which certain microorganisms may have a specific need, but which may 
plav roles of lesser importance in higher forms of life Inosital, the antia 
lopecia factor, since it seems essential for maintenance of hair m mice, 
also may be concerned with normal fat metabolism Although it has not 
been demonstrated successfully that insects need inosital, insecticides close y 
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resembling it in molecular structure, and thus, possibly being able to re 
place inosital in the metabolism of cells, are highly effective 
Biotin also mas be concerned in some way with fat metabolism In this 
case, excessive biotin intake may cause excessive fat deposition m the liver, 
a condition not corrected b\ the administration of choline 
PABA is a proven requirement for growth of many bacteria Here we 
see the relation of a required metabolite and a poisonous material For 
example, sulfonamides, one of the ‘sulfa’ derivatives, owe their action to 
the fact that their molecule is so similar to that of PABA that they will 
actually displace PABA m bacterial metabolism Thus, if bacterial grow th 
is suppressed, the natural body defense mechanisms maj be effective in de 
stroying the microorganisms 1 he need for PABA by higher forms o i e 
is still questionable 


ASCORBIC ACID OR VITAMIN C 

Vitamin C, os manj cf the other xitamms, «as discos ered through the 
appearance of the deficiency disease Scurvy, known and recognized far cen 
tunes, heretofore was espcciallv liable to make its appearance during esc 
tended sea voyages Vitamin C was first isolated, m 1928, from oranges, 
lemons, cabbages, and the cortex of adrenal glands, but 1 s c enne n 
-as unknown at that time Later (. 93 =) * « ' h °'™ *° . h J f 
degree of antiscorbutic potency It was soon synthesized and the 

mg formula giv en to it 


H H | O | 

4rrrr c=0 

H OH H OH OH 


Ascorbic acid 

, e „ oronmc acid, soluble in both 
Ascorbic acid is a comparatively strong ^ ^ oxi(]a(lvC processes 

water and alcohol, and readily destroyed J fmxis , ul l re ducc the 

therefore, prolonged boiling, drying, 01 of oxygen, ascorbic 
ascorbic acid content If foods are heat outstanding 

acd is not destroyed Its oxidation reduction powers 

among its characteristics f t tomatoes, cabbage. 

The richest sources of v It" is' more concentrated 

Steen peppers, bale, spinach, and ® rcd to som e extent in the human 

m human milk than in cow s milk “ s 
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body, the adrenal cortex, crystalline lens, corpus luteum, and the pituitary 
gland containing the largest amounts 
Contrary to the usual effect of canning, when tomatoes are canned the) 
retain large quantities of \itamm C There are several reasons for this 
(1) the initial concentration of vitamin in tomatoes is high, (2) the high 
acidity of tomatoes protects the \itamm against heating and oxidation, and 
(3) because of the acidity, the heating need not be so drastic as in canning 
other foods 


Ascorbic Acid Deficiency 

Many months elapse before the symptoms of scurvy appear as the result 
of a vitamin C deficient diet Tins disease seems to be confined to the 
guinea pig, man, and other primates, the lower mammals, for example rats, 
apparently being able to synthesize their own supply 
The essential change during the onset of scun y seems to be a weakening 
of the capillary walls, resulting in hemorrhages in various structures As 
corbie acid is essential for the maintenance of the normal consistency and 
the formation of the intercellular cement ” If the supply of this vitamin 
is inadequate, the cement weakens allowing the cells of the capillaries to 
separate 

It is associated with the formation of collagen (the “ground ’ substance 
or matrix in which cells are imbedded) in connective tissues, cartilage, bone, 
and dentine Its mode of action is still unknown but probably it is m 
volvcd m oxidative metabolism, although no good evidence exists m favor 
of this theory Some evidence indicates that ascorbic acid may be as 
sociated with immunological processes 
The signs of scurvy mav be listed (1) hemorrhages of the mucous mem 
ranes o t re mouth, gastrointestinal tract, subcutaneous tissues, and mus 
c es, an in t ie joints, (2) spongy, swollen, red gums becoming ulcerated 
and in severe cases gangrenous, (3) loose teeth, (4) anemia, (5) pains m 
the bones, spongv because of the withdrawal of calcium, (6) edema, (7) 
sore joints. (8) separation of the epiphyses, especially m young children, 
(9) decrease m oxvgcn consumption, (10) pigmentation of the skm, (11) 
sterility, and (12) general muscular weakness 


Requirement! 

Compared u.ll. that of other wtunms, ,hc reqmremcnt for a.tamm C 
is rather h.gh-a mm, mum da.lj dosage of 75 to 100 mg Being a threshold 
substance, it is not cacictcd in the urine if present in the blood bclosv a 
certain lead The Wood "saturation" depends, in turn, upon the require- 
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FIGURE 258 


Scurvy in young child (Reproduced bv courtesy of Parke Dam and Co ) 

merits of the tissues If they are already saturated most of the ingested 
r.tmun will be lost in the unne othennse it will be retained It is said 
that the ascorbic acid in the diets of most humans at best is sen little 
above the level at which the carlv svmptoms of scum begin to appear 


VITAMIN d or the antirachitic vitamin 
There are about ten D wMmim but onl } hto of them are of special im 
. Vitamin D pre\ents the condition known as rickets in 

9 TTj7ZoZlc, a adults I. everts its action bv its effect on 
m i fantS and ohosphorus metabolism Naturallv before the discoven of 
c f kmr " -r:r,n nelcts was thought to be caused bv a dcficenc, 
Indcl or phosphorus or to a wrong proportion of these elements 
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the diet It was soon evident, however, that a diet complete!) adequate m 
calcium and phosphorus but lacking in the vitamin, will result in rickets 
unless the body itself is able to produce its own supply 
Sunshine has long been recognized as a pie\ cntative for rickets Children 
having liberal access to sunlight usually do not de\elop the disease, those 
suffering from rickets may overcome the condition if given proper exposure 
The ultraviolet is the important range of the spectrum, and since more 
of these rays reach us in the summer months than in the winter, naturally, 
if one is exposed to these ravs directly, the sunshine is most effective in the 
summer These rays are absorbed by ordinary window glass although 
some recently developed tvpes of glass are more transparent to ultraviolet 
Ouartz is entirely transparent, but because of its cost it has not been used 
to any great extent There are now on the market rather inexpensive ' sun 
lamps that provide an excellent source of ultrav lolet light during the winter 
months, and for the stay at home during the summer The two types of 
D vitamins that are of use to humans arc vitamin D and vitamin D 3 (the 
original vitamin D, being a mixture of these, the use of the term has been 
discontinued) 

Vitamin D is produced by the irradiation of crgosterol, sometimes re 
ferred to as provitamin D Ultraviolet rays change it to calciferol or D 
which is sold under the name of uosterol 

Vitamin D 3 is formed bv the action of ultraviolet on 7 dehv drocholesterol, 
a stcrolc occurring abundantly in the skin Tlius adequate exposure to sun 
light should ultimately supply the bodv with sufficient vitamin D 3 This 
is the chief tvpc of vitamin found in fish liver oils 

The formulae for these arc as follows 



Lggs and fish liver oils arc the best sources of vitamin D Liver oils of the 
tuna, swordfish, halibut, and cod arc neb in tins vitamin Mammalian 
liver, on the other hand, is a poor source The antirachitic properties of 
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daii) foods, although usuallj quite low, still are more active than those of 
most other foods Humans and other mammals may form a sufficient 
amount of \ ltannn D for their own needs b) the action of actinic rajs on the 
shin, cspeciall) during the summer months Because of the poor suppl) of 
\itamin D in the foods we eat, the diets of noting children should be forti 
fied with the utamm in concentrated form 



FIGURE 259 


Two types of deformities that make their appearance in vitamin D 
deficient-) (rickets) A knock knees D honed Jcgs (Repro- 
duced bv courtesy of Parke Davis and Co ) 


Vitamin D Deficiency 

As ahead) noted, the deficiency of vitamin D in the diet of y oiing chil 
dren leads to the condition called nehets, characterized b\ defective ossifica 
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tion, owing to a disturbance in the calcium phosphorous metabolism Con 
sequently, various deformities, such as bowlegs, knock knees, malformation 
of the chest, curvature of the spine, enlargement of the epiphyses (the ends 
of the long bones), and poor de\elopmcnt and calcification of the teeth, 
may make their appearance In the adult, a deficiency in utamin D causes 
the bones to lose calcium and phosphorus, and as a result become soft — a 
condition known as osteomalacia 

Factors Related to Occurrence of Rickets In young children, a sup 
plemental supply of D should be included in the diet, and, at the same 
time calcium and phosphorus needs should not be overlooked 

Age and rate of growth are factors, m that the young child who is grow 
ing, especially if he is growing rapidly, is more susceptible to the disease 
than the older child who, although he also may be grow ing rapidly, usually 
has greater access to the rays of the sun Premature infants are more apt 
to show symptoms of this condition than those born normally Tins is 
understandable when one considers that 80 per cent of the calcium supply 
is stored by the fetus during the last three months of intrauterine life Thus, 
if it is bom before term, the infant has a deficiency in calcium 

The season of the year has already been mentioned as an important factor 
Exposure to the summer sun is more effective than exposure during any 
other season 


Human Requirements 

The amount of \ itamin D needed to supply the bodv is very small About 
400 international units per day seem to be sufficient for the adult, although 
much greater quantities (up to 800 I U ) should be given to very young 
children The international unit for vitamin D is o 000025 1T1 g , therefore, 
o 01 to o 02 mg per day are adequate 

In recent years, there has been some suggestion that vitamin D might 
possibly control arthritis with the result that, at times, enormous doses have 
been prescribed Care should be taken, however, in resorting to such ex 
cessive doses even though the lethal dose is some 6000 times the Ticket 
preventing dose Evidently, doses of about 60,000 I U or above may 
cause deposition of calcium and phosphorus m tissues other than bone 

Fundamental Action of Vitamin D 

The mode of action of vitamin D is not exactly known, but it has been 
established that, if the body suffers from a deficiency in this vitamin very 
little, if any, calcium and phosphorus are absorbed through the intestinal 
wall, the major portion being excreted with the feces 
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TOCOPHEROL OR VITAMIN E 

There are actual!) three bpes of tocopherols in nature — alpha beta, and 
gamma The alpha tocopherol sometimes called the antistenhty vitamin, 
is by far the most important 

It is most abundant in wheat germ oil but occurs in so many foods that 
humans verv seldom suffer from a lack of it in the diet Alpha tocopherol 
although insoluble in water, is soluble in fat and fat solvents It is now 
produced synthetically and has been given the following structure 



Vitamin E Deficiency 

It is still i question as to whether am great change takes place in hu 
mans who may experience a low tocopherol content in their bodies 

Its absence has a definite effect upon rats resulting in failure to repro 
dnee normally A progressive loss of fertility is apparent in the male rats 
the spermatozoa first losing their motihtv and later not even being pro 
duced The male soon loses the sex instinct also In female rats suffer 
mg from vitamin E lack implantation of the ovum occurs, but the embryos 
do not dev clop and arc resorbed 

There have been some claims to its usefulness in hum ms as a factor m 
overcoming habitual abortions but much mote evidence is needed before 
such observations may be accepted as proof for vitamin E need 


VITAMIN K OR THE ANTI HEMORRHAGIC VITAMIN 
The effects of the deficiency of the antihcmorrhagic vitamin were firsl 
observed on vonng clucks When fed an ether extracted diet (such as fish 
meal) about 50 per cent of fl.cm died bleeding as a result of a prolonged 
clotting time The increase m dotting time vvas found to be caused bv a 
low prothrombin level m the blood If the affcclcd clucks were fed the 
fat soluble factor which had been removed from the diet b, cllier the 
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prothrombin level was again increased so tint clotting occurred normally 
Dam and others called this new factor the Koagulation wtamin, which was 
abbreviated to vitamin K 

Vitamin K is present m green leafy vegetables, alfalfa being an especial!) 
rich source It has been found also tint certain t)pes of bacteria, including 
those that dwell in the intestines of animals, can s)nthcsizc a factor which 
is antiliemorrhagic, in that it acts like vitamin K m producing prothrombin 
in the blood 

The vitamin found m alfalfa, designated as vitamin K„ is a light yellow 
oil at ordinary temperatures That produced, during bacterial putrefaction, 
vitamin K,, is a jcllovv cr)stalhne solid These vitamins, svnthesized in 
the laboratory as are other antihemorrhagic substances of far greater potency 
than the naturally occurring vitamins, have the following structures 
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Vitamin K, from bactcnal action 


Various water soluble forms have been prepared One of the synthetic 
K vitamins is menadione which is 2 methyl 1, 4 naphtha qumone, with 
the following structural formula 
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It is about three times more potent than either of the naturall) occurring 
vitamins K 

Vitamin K Deficiency 

A deficiency of vitamin K is difficult to obtain m luimans as well as in 
most other mammals because bacteria m the intestinal tract can synthesize 
it, and it is immediately absorbed through the intestinal wall Under cer 
tain conditions, however, the human body docs not receive a sufficient sup 
pi) for example 1/ bile secretion into the intestine is hindered or biochcd 
the vitamin is not absorbed Tins is true for all fat soluble vitamins (A D 
E, and K), since they must first be emulsified b) the bile salts Jaundice 
resulting from blocking of bile secretion therefore will cause hypopro 
thrombinemia the term given to a hemorrhagic disease characterized b> a 
low prothrombin level 

Tlie hemorrhagic disease found in some newborn infants Ins proven 
to be the result of vitamin K deficiency The bacteria which produce 
vitamin K arc lacking from the intestinal tract at birth and they do not 
become sufficiently established for seven! days Tvcn norma! mfanfs 
arc said to show a very low prothrombin Icy cl on the second thud or fourth 
day after birth because they do not get the mothers milk containing the 
vitamin until the fourth day and it is not vet produced in their intestines 
in opprccnble amounts until then The prothrombin level depends upon 
the vitamin K intake of the mother before the birth of the child 

It is now considered good practice to give an expectant mother vitamin 
K especially during the last several weeks before parturition llm ensures 
a higher prothrombin level m the infant when it is born if the level is 
low, a slight cut could cause the death of the infant Often the vitamin 
is also given dirccth to the infant 
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Human Requirements 

The human requirement is actually very low In normal adults, verj 
little is required aside from that already found in the intestine In \oung 
infants, it has been found that 1 microgram {o 001 mg ) daily suffices to 
hold prothrombin at a normal level However, as a safety measure much 
more than this dosage is usually given 

Action of V tomm K 

The mode of action of vitamin K m the bodv is not known After enter 
mg the blood stream it is carried to the liver where in some manner it 
stimulates production of prothrombin Certain substances that may oc 
casionally get into the diets of animals antagonize this action Bleeding 
disease of cattle for example occurs because of the presence of dicoumerol 
or related compounds in their food usuallv decaved clover contains larg 
quantities of dicoumerol which prevents the formation of prothrombin 
despite the presence of a normal supplj of v itamin K 

ADDITIONAL READING 

Evans E A Biological Action of the Vitamins (Universitv of Chicago Press 
1 94 i ) General dtscussions of vitamin functions and animal deficiencies 
Wald G The Photoreceptor Function of the Cnrotenoids and Vitamins A 
Vitamins and Hormones I 195 1943 
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The Digestive System 


DIGESTION AND ABSORPTION OF FOOD IN INVERTEBRATES 
A variety of structures and methods for digestion and absorption of food 
occurs in the invertebrates 


Pseudopod i 



tion and digestion m a parameemm A 
formation and pinching off of food 
vacuole 


Some protozoans possess specialized structures, such as the gullets of 
abates and flagellates for food procurement and food ingestion In mans 
eases, however no special organelles arc present Amoebae, for example, 
nicrclj flow around a food organism (1 igurc 260), thus forming a vacuole in 
which it is Jailed and digested I undimcntilh, tins is the same tvpc of 
process occurring in the cilntcs at the end of the gullet the food is collected 
into a pocket which from time to time, pinches o'? to form a foo 1 vncuolc 
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In the vacuoles of both amoeboid and ciliated species the food organism is 
soon killed and gradually digested This is followed by absorption of the 
digested materials into the general protoplasmic mass 
In the amoeba any undigested particles are removed by simply being 
left behind as the organism flows or mo\es about m paramecia they are 
removed by excretion through a special anal pore 
This type of mtracellular digestion is also found in sponges, coelenterates 
and platyhelminthes In the ncmathclminthcs digestion is completed in 
the alimentary tract and the broken down foods arc then absorbed into the 
body This is the same type of process occurring at higher levels of the 
animal kingdom Many individual differences are apparent but for the 
most part digestion and absorption m the simpler forms of life are quite 
similar to that in the human or other mammals 

THE ALIMENTARY TRACT OF MAN 

The alimentary or digestive tract of man is essentially a tube that runs 
through the body and is open at both ends The anterior opening is the 
mouth the posterior the anus Actually there are two anterior openings 



FIGURE 262 

Tl e human al mentary trad 
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the nose and mouth joining m the pharynx The tract is lined by a mucous 
membrane continuous with the outer integument at the lips nares and 
anal aperture Figure 26 ’’ shows its general appearance and the compara 
ti\e sizes of the parts Man) parts that are mentioned later in the text 
do not appear in this figure 


THE BUCCAL CAVITY 

The mouth opening leads into the buccal or oral ca\ity This cavity is 
surrounded b) se\ eral structures the cheeks the hard palate the soft palate 
the tongue and the pharynx In the oral cayity the teeth are important 
structures in preparing food for digestion Two sets of teeth are formed 
during life the first set appearing soon after birth These are often re 
ferred to as milk teeth although primary teeth would be more appro 
priate The) are lost during earl) childhood and a second or permanent 
set makes its appearance The teeth differ in certain respects in different 
parts of the mouth their structure depending upon the function they per 
form In the adult we find in each 


jaw four incisors two canines four bi 
cuspids and six molars or thirty two 
teeth in the complete set In the pn 
mary set there are four incisors two 
canines and four molars m each jaw 
The total number in youth then is 
twenty We usually think of the in 
cisors as functioning in cutting the 
canines in tearing the bicuspids and 
molars in grinding the food Tooth 
structure is primarily the same for all 
types the crow n the root or fang and 
the neck or cervix being found in all 
An illustration of tooth structure is 
gnen in Tigure ■•63 
The tongue surrounded in front and 
on the sides bv the teeth is a \en im 



FIGURE 263 


portant organ 111 the preliminary diges ^ c } „„„ tooth and its relit on to tl e 

live processes It functions in masti p 1x3 c 

cation or chewing and in swallowing 

Its function in tasting has already been discussed (page 210) 

The sain an glands arc cxocnnc glands (page 5 S) and pour their sccrc- 
hons into the month In «an of duets II, ere are Ihrec pain of sain an 
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glands (1) The parotid glands lie at the angles of the jaws, a duct called 
Stensen’s duct leading from each gland The disease known as mumps 
results in the enlargement and inflammation of the parotid gland (2) 
The submaxtllary glands empty their contents by way of Wharton s ducts 
opening on the floor of the mouth (3) The sublingual glands also open on 
the floor of the mouth by way of several ducts 

THE PHARYNX 

The pharynx is the throat cavity into which the oral and respiraton 
passages lead Both the oral and nasal cauties lead directly into the pliar\n\ 
The eustachian tubes (page 258) open here, and also the esophagus and 
trachea tubes that lead from the lower part of the pharynx to the stomach 
and lungs, respectively 

The esophagus or gullet is about 10 in long and is muscular A cross 
section shows three distinct layers a layer of mucous membrane lining the 
lumen or cavity of the esophagus, a middle connective tissue layer, and an 
outer muscular layer made up of both longitudinal and circular fibers No 
glands connect with the esophagus, except the mucous glands scattered 
throughout the mucous membrane 

THE STOMACH 

The stomach has three primary functions (1) as a storage place for 
food (2) as a digestwe organ and (3) as a producer of an ‘intrinsic 
factor that is essential for vitamin B,, absorption The appearance of the 
stomach depends upon the tonus of its muscles If it is empty, it is a rather 
small bag shaped structure Its larger domelike end, located on the left 
side beneath the diaphragm and extending upward abo\e the opening of 


FIGURE 264 

Varntion in size of stomach A 

a g with food B empty 

the esophagus, is called the fundus, this whole area is known as the cardiac 
portion since it lies just beneath the apex of the heart The opening of 
the esophagus into the stomach is closed by a sphincter or \ahc called the 
cardiac sphincter The narrower end of the stomach connects with the 
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small intestine and is called the pyloric portion or pylorus The sphincter 
muscle between the pjlorus and the intestine is known as the pyloric 
sphincter or valve The mucosa of the stomach is richly supplied with 
gastric glands which secrete the gastric juice 
The stomach, like the esophagus, possesses a lining consisting of three 
distinct layers the innermost ( the mucosa) , the middle or connective tissue 
la)er, and the outermost smooth muscle laver There are three layers of 
muscle — longitudinal, circular, and diagonal, — the thickenings of the cir 
cular layer forming the cardiac and pylonc sphincters 

THE SMALL INTESTINE 

Digestion is carried on almost entirely in the stomach and small intestine, 
especially the latter The small intestine about 20 ft long is further 
divided into (1) the duodenum, meaning twehe, in man it is about 12 in 
long, (2) the jejunum about 8 ft long and (3) the ileum, about 11 or 12 ft 
lonp 



FIGURE 265 

Cross section through abdominal region to illustrate pentoncal ar 
rangement a loner nlxlommal region b upper abdominal region 
(Prom Grets burner Anatom) and J7i)jio/ogs b) permission of 
J 1) Lippi ncott Co ) 

T7ic peritoneum is the lining of the abdominal cawh, surrounding the 
intestines and furnishing their attachment to the posterior wall of the cav it) 
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The folds of the peritoneum m which are located the blood vessels, nerves, 
and lymphatics passing to and from the stomach and intestines are referred 
to as mesentery. 

The pancreas, a large gland attached closely to the duodenum, has a 
double function, the secretion of pancreatic juice and the production of 
insulin The pancreatic digestive juice passes to the intestine through the 
pancreatic duct Immediately before entering the duodenum, this duct 
joins the bile duct at a point 2 to 4 in below the pyloric sphincter The 
liver is responsible for secretions (and excretions) that enter the intestine by 
way of the bile duct The intestine also has enzyme secreting glands within 
its walls 


THE LARGE INTESTINE OR COLON 

The large intestine is appro.Mmately 5 ft long and is subdivided into the 
ascending colon, transverse colon, descending colon, and the rectum 
The ileum empties into the colon at the caecum (Figure 266) The 
junction is closed by the ileocolic or ileocaecal sphincter, which usually opens 


FIGURE 266 

The caecum and its connection with 
the small intestine (ileum) 

at the approach of intestinal contents The caecum is a blind pouch at the 
beginning of the ascending colon, ending in the \ emu form appendix, merely 
a rudimentary structure in man The appendix is a narrow tube not as 
thick as the little finger and averages about 4 m in length The lower 
part of the descending colon makes an S shaped bend and is referred to as the 
sigmoid flexure 

DETAILED STRUCTURE OF THE GASTROINTESTINAL TRACT 
The gastrointestinal tract is the term given to the digestive and absorptive 
parts of the alimentary canal The structures throughout the alimentary 
tract, as alrcadv infened. van from one section to the next 






Section of stomach showing surface structure 


Glands of stomach indicating tubu 
lar structure and relative positions 


Onl> two muscular layers occur in the intestines, their arrangement in 
relation to the nerve plexuses and other structures being shown m figure 
:6o There are also man} folds within the intestine adding to its exposed 
surface area, but the most noticeable structures of the mucosa are the finger 
like villi which greath increase its absorptnc area 

On close examination one can find the crypts of Lrcberkulm consisting of 
the intestinal glands that sccictc intestinal ]Uice An outer la>cr of 
long, tod, ml muscle fibers is separated from an inner la) cr of crcular muscle 
fibers b) a nerxe network, called the myenteric plexus, or Auerbach s plexus 
Tins plexus, to which postganglionic fibers of the parasympathetic division 
lead, is the one clncfh concerned w ith motihh of the intestine 

A rather diffuse Inver of smooth muscle cells, called the muscular* 
mucosae, lv mg nnmcdiatch beneath the x.lh cv , doth aids m the shortening 
of the Mil, during digestion and absorption 11.. s diffuse laser of muscle 
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cells js innervated by another ner\e network called Meissner s plexus, also 
found in the submucosa 

The ner\e supply reaches the gastrointestinal tract by way of sympathetic 
and parasympathetic fibers These arc called extnnsic nerves whereas 
nerves within the walls of the tract (Auerbach s and Meissners plexuses) 
are called intrinsic nerves 
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Some animals, such as the dog, do not chew their food, except when 
necessary in order to swallow it, the process of chewing not being essential 
to these animals It is of interest to note, in this connection, that the 
muscular layers of the esophagus of the dog are made up entirely of striated 
muscle, as compared with those of humans, m which the upper two thirds 
of the esophagus consists of striated muscles, whereas the lower one third 
is composed of smooth muscle 


DEGLUTITION OR SWALLOWING 

After the food mass is prepared the act of swallowing, initially a voluntary 
act, begins The first stage of swallowing is accomplished by the tongue 
and cheeks pushing the food toward the pharvnx Once the food contacts 
the posterior wall, the second, involuntary, phase of swallowing begins, 
taking less than one second The reflex causes contraction of muscles m 
the upper part of the pharynx and relaxation of those below, forcing the food 
into the esophagus Other openings leading into the pharynx must neces 
sanly be closed during this period or food might enter the nasal cavity or 
the lungs 

The passage leading to the lungs is closed by the lowering of the epiglottis 
and raising of the larynx, or voice box, found at the top of the trachea The 
nasal passage is shut off by the elevation of the soft palate and uvula 
respiration ceasing momentarily during this phase of swallowing If food 
particles get into the nose they are usually removed by sniffing or sneez 
mg’ those that get into the trachea or bronchi arc removed b) coughing 

The thud phase begins when the food has entered the esophagus, through 
which it is carried to the stomach Tins, also, is an involuntary action and 
is accomplished b, a unique wavehke contraction called pcruldm, common 
throughout the alimentary tract Tins movement results w hen a progressive 
contraction of muscles occurs immediately behind a food bolus, accompanied 
by a relaxation rmmcdiatel, ... front of ,t It has been found that a positive 
pressure equal to about . ; mm I Ig is produced b, contraction of the circular 
muscles above the bolus, and, because of dilation caused by contraction of 
the longitudinal muscles below a ucgat.ve pressure equal to about -a, 
mm Ilg ,s produced below the bolus fc, a total driving force cq n 
to no mm I Ig pressure carries the food to the stomach I tales about ten 
seconds more or less, to carry the bolus down to the stomach a though fluids 
mav pass d.rcctlv through the esophagus within two to four seconds 
Grants alone does no. cam liquids through the 
comphslicd clncflv bv the direct effects of swallowing 
material nears the stomach the cardiac sphincter relaxes and opens, allow 
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ing it to pass through, and then contracts again In order to avoid the 
possibility of regurgitation, the sphincter must remain tightly closed when 
food is in the stomach, opening only at the approach of food 
The nerve center concerned with swallowing is in the medulla Scnsorv 
or afferent neurons come to it from the walls of the pharynx, and efferent 
neurons leave it to stimulate the various muscles involved in the swallowing 
reflex Swallowing is difficult or impossible with injury or disease to the 
medullar) center 


MOVEMENTS OF THE STOMACH 

The stomach, at least when first emptied of its contents, resembles a 
partiall\ inflated bag, becoming much smaller as it graduall) gains tone It 
functions as a reservoir for food, serving this purpose ver) well The two 
sphincters, one at each end, when constricted, isolate the stomach from 
the rest of the ahmentar) tract when it is discharging its digestive duties 
The movements of the stomach and intestines can be examined by several 
methods, the X ray being very valuable for certain studies B) this method, 
the passage of food mixed with barium sulfate, a compound opaque to 
X rays, can be followed through the digestive tract Another good method 
for studying digestive movements is that m which the subject swallows a 
balloon with a tube attached, the balloon is then inflated and the move 
ments recorded by means of a tambour on a moveable drum Strips of 
smooth muscle from the stomach and intestine can also be attached to mus 
cle levers and their action observed 

As soon as food enters it, the stomach begins to increase in size, the 
peristaltic movements increasing at the same time, thus producing a churn 
mg effect One of the outstanding characteristics of the stomach is its 
ability to lose or gain capacity readily by change of tonus in order that it 
can adjust itself to exactly the right volume for the food that has entered it 
The peristaltic waves begin at about the middle of the stomach and move 
toward the pylorus In the human, it takes between eight and twelve 
seconds for each wave to pass to the pyloric sphincter, when food is in 
the stomach there is a recurrence about every two to three seconds with the 
result that several waves can be observed passing over the stomach at the 
same time These arc the movements that churn the food and mix it with 
the gastric juice so that by the time it is ready to leave the stomach a semi 
liquid mass is formed It is called chyme which means juice The fundus 
merely serves as extra storage space and slowly forces the material to the 
active part of the stomach as needed 
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After a meal it usually takes three to four hours to empty the stomach 
the length of time naturally, depends on many factors The consistency of 
food is one factor if it is in a liquid state it leaves more rapidly than other 
wise In fact, liquid leaves the stomach almost immediate!) The quantity 
of food is another factor as is the type of food Carbohydrates leave the 
stomach more rapidly than proteins and proteins more rapidly than fats 
However all of these foods are held until the duodenum is ready for them 
They are held back by the pyloric sphincter which opens only occasionallv 
and allows some of the partly digested food (chyme) to flow into the 
duodenum 


The regulation of the pyloric sphincter is still not thoroughly understood 
although at one time it was thought that it opened whenever the pll on 
the duodenal side was alkaline and that as soon as sufficient acid chyme 
had passed into it muscles of the pylorus were forced to contract closing 
the sphincter and not until the food again became alkaline on that side 
would it reopen It is true that acid on the duodenal side causes contraction 
of the pyloric sphincter but the acid concentration necessary to cause it is 
much higher than that found m the chyme It is doubtful that this is the 
only mechanism influencing pyloric sphincter function 

Recent evidence seems to support the idea that the stomach empties 
itself by way of a reflex action (or hormone action) Receptors in the walls 
of the intestine may be stimulated by various foods or their products and 
cause more powerful peristaltic movements which force the food through the 
pylorus This would explain the difference in the time of emptying in the 
case of different foods Tor example fats slow the action because once m 
the intestine they arc least effective m producing the reflex Proteins arc 
slow in movement through the stomach because they (or their products) 
also have little effect on receptors in the walls of the duodenum causing an 

increase in movement carbohydrates arc more effective owever icrc is 

evidently another factor involved for hypertonic solutions of carbohvdratcs 
may be retained within the stomach until thev are reduced bv the gas nc 
,uicc to isotonic, h (that is a concentration similar to the concentration of 
materials in the living cells) 


As mentioned prewoush (pngc -,70) after the stomnel, cmpt,«dsel! 
.t ,s still rchtncl) hrge but gndmlh nit), the n, erase in toms ■tl«"ma 
much smeller Vigorous contnctions mas set ... some time Inter producing 
‘ r u„„ rCT Thev inav become <o vigorous that 

the uncomfortable feeling of hunger 
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painful sensations — hunger pains, or pangs, — are experienced Possibly 
thej occur in the empt) stomach because the contraction takes place m an 
organ already in almost complete tonus 
During a fast, one finds that these uncomfortable feelings pass off after 
a few days, at least, the feeling of hunger is not so intense 

VOMITING 

Vomiting or emesis is a reflex act resulting in the evacuation of the 
stomach The \ omiting center is found in the medulla 
Usually just before this act, a feeling of nausea is experienced and is 
associated with a dilation of the upper part of the stomach, including the 
cardiac sphincter, and contraction of the pyloric end If the condition 
leads to % omiting the abdominal muscles contract and, pressing against the 
stomach force its contents through the relaxed cardiac sphincter and up the 
esophagus The food can be ejected with considerable force In adults, 
the stomach does not empty itself by antiperistalsis, but in lower mammals 
and infants this is a factor 

MOVEMENTS OF THE SMALL INTESTINE 

The food takes about three to fi\c hours to pass through the small in 
testme It is earned along by peristaltic mo\cments, as is true for the entire 
alimentary cam! Before it is pushed forward toward the colon, the food is 
mixed thorough!* by movements of the intestine that play no part in 
propulsion Two such nonpropulsnc movements occur in the small in 
test me 



FIGURE 270 

Segmentation in intestinal 
wall illustrating the site 
ccssivc contractions of dif 
ferent muscle groups At 
i muscle groups a are con 
tractcd and b are relaxed 
at : muscle groups b arc 
contracted and a arc re 
laved at 3 same as at * 


1 Rhythmic segmentation, accomplished by local constrictions of the 
circular muscles The* ame simultaneous! v at various and numerous points 
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along the intestine A diagram is used to illustrate this in Figure 270 
These contractions appear at the rate of twenty or thirty per minute, each 
successive group of contractions occurring at different locations In this 
manner, the food is well churned and mixed with enzymes before it goes 
on to the lower part of the intestine This mo\ement also aids in bringing 
the chyme, with digested materials, into direct contact with the absorbing 
surface of the intestine 

2 Pendular movements, caused bj contractions of the longitudinal nuts 
cles These contraction waves pass over rather short strips of muscle 
producing in this waj a swinging motion similar to that of a pendulum 
They, also, result m a more thorough mixture of the ch\ me with the juices 


of the intestine 

Segmentation and pendular movements occur without nervous stimula 
tion They are, therefore, said to be myogenic m origin, that is, the con 
tractions originate in the muscles of the intestinal walls 
Peristalsis tabes place intermittently as waves, traveling at the rate of one 
to two cm per second earning the contents of the intestine with them 
They do not travel very great distances over the intestine but they appeal 
at many places along its axis The nerves, at least the intrinsic nerves arc 
nccessarv for peristalsis If the extrinsic nerves arc cut peristalsis will 
continue, but it is found that orderlv regulation of the contractions is 
dependent upon these autonomic nerv cs I lie in) enteric plexus, therefore 
is v ery important in peristalsis Drugs such as atropine or nicotine, « Inch 
paralyze these nerves, lower the tone and retard the contraction waves 
Antiperistaltic waves that move toward the stomach mav be found also 
m the small mtestme The, tend to beep the food I up in die forepart 
of the small mtestme until the digestible part of the food ,s absorbed 
The villi in the mtestme arc ill continuous movement Bv means of 
mov mg pictures it has been observ cd that tliev mav move bacb and forth in 
a vvav clibc manner, occasionally shortening by means of muscular con.rae 
1 1011 Tins latter movement probablv atds tn forctng the lvmph out of ti e 
lacteal into the larger ly.npliattc vessels The muse e cells of the mm cute 
mucosae produce these movements ,.i the v, lit which return to “'“""S' 
post,, on when the muscle cells relax The ,/eoeohe or ./«*- aehe 
separates the small mtestme (tleun.) from the large (colon > 
closed but when undigested or unabsorbed food ...after readies it M pc. s. 

a reaction similar to that when food approaches the cdnc 'P"“ ,c '^ 

. . mmmm x tj, c material tint enters the colon from tlic 

he esophagus (page To) ”' functlom lllc folI ovv,„ S wav, ( . ) 
ileum is ,n a liquid tatc The r«he c to the 

it prevents too rapid a movement of toon mmi mv. 
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colon, and (2) it prevents regurgitation of fecal matter back into the small 
intestine 


MOVEMENTS OF THE LARGE INTESTINE 

Very little usable food is left in the material that enters the colon— most 
of it has been absorbed and only indigestible and unabsorbable substances 
are present The contents of the large intestine remain longer in it than 
in any other part of the alimentary canal It mav take as long as 24 hours 
for it to pass through Movements similar to those of the small intestine 
(segmentation and pendular) are found in the colon, haung the same 
function as in the small intestine The waste material, like that of the 
small intestine, is liquid and it is here that most of the water is reabsorbed 
Antiperistalsis occurs for a long time after the liquid mass enters the large 
intestine 

Soon after food is taken into the mouth a vigorous action appears m 
the colon due to peristalsis which is here referred to as mass peristalsis The 
walls of the large intestine lose their segmentation and become smooth 
Peristaltic contractions seem to be centered in the ascending and transverse 
colon forcing the fecal matter into the descending colon for disposal The 
reflex producing the mo\ement is called the gastrocolic reflex If the con 
tents reach the rectum there is a desire to evacuate or defecate 


DEFECATION OR EVACUATION 

Defecation or esacuation is the final phase involving digestion and ab 
sorption of food in the alimentar) tract 

The rectum ordinarily has a \ery low pressure and is usually empt) 
When fecal material is forced into it, the pressure may increase greatly 



FIGURE 271 

Stnicture of anus The lower end of 
the anus and rectum has been spread 
apart 



THE DIGESTIVE SYSTEM 


481 

A rise of only a few mm Hg pressure is detectable while a rise of 40 to 60 
mm results m distress The increase m pressure causes an increase m 
strength and number of peristaltic waves in the colon The internal anal 
sphincter is then relaxed, while the external anal sphincter may be opened 
or kept closed voluntarily In defecation both sphincters are relaxed and 
the contents of the rectum free to leave The act maj be aided by forcible 
contraction of the abdominal muscles and diaphragm to produce a positive 
pressure against the rectum and its contents in order to force the fecal matter 
through the opening The internal sphincter is composed of smooth mus 
cle, the external sphincter of striated muscle 

ADDITIONAL READING 

Best, C H , and N B Taylor, Physiological Basis of Medical Practice (Balti 
more Williams and Wilkins 1950), chs 43, 44 Mechanical aspects of 
digestion 

Fulton, J T , Textbook of Physiology, 16th ed (Saunders, 1950), ch 46 Gen 
eral functions of the digestive system 
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The Secretion and Action of 
the Digestive Juices 


SALIVA AND ITS FUNCTIONS 

Saliva is a mixture of secretions from all three pairs of sain ary glands 
(parotid submaxillar} and sublingual) and has several functions 

1 It has a lubricating action The food is prepared for swallowing by 
mixing it with saliva which softens the food mass and gives it a slick sur 
face 

2 It has a solvent action on foods soluble in water This of course, aids 
us in tasting foods which must be in solution in order to stimulate the taste 
buds 

3 It has a moistening and lubricating action on the structures of the 
mouth which are essential to speech Speech would be difficult if not 
impossible with a dry mouth 

4 It has a cleansing action on the mouth and teeth tending to keep them 
free of food material and thus dimmish bacterial growth We give aid to 
this action by brushing the teeth 

5 It is partly excretory in action Some of the heavy metals and drugs 
arc excreted by way of the salivary glands 

6 It aids in the -water balance of the body m that it is a factor in the 
sensation of thirst Its effect upon the thirst receptors m the throat depends 
upon its consistency 

If the water content of the body and blood is low the tissues do not 
receive a normal quota The salivary glands along with other tissues are 
therefore low in water content The saliva secreted by the glands becomes 
viscous therebv producing a sensation of thirst when it contacts the walls 
of the throat Thus, if one has access to water, he will drink it, and m 
this wav increase the water content of the body 

7 It has a digestive function in its action on starch and glycogen Bv 
h)drolysis, the cnzvmc pt\alm or salivary amylase breaks down these mole 
culcs into disacclia rides Food does not remain in the mouth very long 
hence digestion is not significant here In the stomach if saliva is mixed 

432 
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with the gastric juice the action of ptyalin is inhibited by the acid content 
However, the food taken during the latter part of a meal will remain for a 
time m the fundic region where salivary digestion can go on unhindered 
Very small amounts of maltase mav be secreted also in saliva, it hydrolyzes 
maltose to glucose 

The parotid glands produce a secretion high in enzyme content They 
are innenated b\ the parasympathetics, via branches of the ninth cranial 
or glossopharyngeal nerves Sympathetic fibers run to the blood \essels of 
the gland and are vasoconstrictors Thus, stimulation of the glossopharyn 
geal branches causes a copious flow of a watery secretion, whereas stimuli 
tion of the sympathetic has no effect upon secretion, although there is a 
decrease in secretion granules within the glandular cells 

The submaxillary and sublingual glands also arc inner\ated by the para 
sympathetic division, but by way of the chorda tympam, a branch of the 
seventh cranial or facial nerve In both of these glands stimulation of the 
parasympathetics results in a watery secretion high in enzvmc content but 
stimulation of the sympathetics (which have no fibers leading directly to 
the salivary cells) causes a greater secretion of mucin which tends to in 
crease the viscosity of the saliva 

Saliva normally has a slightly acid reaction, pH 6 3 to 6 85, and is about 
99 per cent water, the remaining 1 per cent consists of cnzvmcs, mucin salts, 
bacteria, and other cells About 1000 to 1500 cc arc secreted in 24 hours, 
most of it being carried down the alimentary canal 

Its secretion is brought about only bv reflex action Tins reflex may 
be of a conditioned or unconditioned type In the latter case, the taste 
buds m the mouth are stimulated and, by reflex pjtlmavs, the salivarv 
response is produced, in the former case, the reflex is built up through various 
associations m vision, smell, hearing and thought 


GASTRIC JUICE AND ITS FUNCTION 

Gastric mice functions in the digestion of food Hus "ns mentioned 
previous!) as one of the three functions of the stomach (page -J75) 
functions of the stomach as a digestive organ and as a Stonge place for 
food arc not absolute!) essential mammals for the stomach can be re 
moled partial!) or entire!) without am serious effect on diges nc processes 
after recovers is complete, if aiit.ancriiic principle is feel to the animal or 
human Persons nl.ose stomachs hare been re, nosed must cat less food 
but cat marc frequenth since there rs a more limited storage space m the 

ahmentirx canal , , . . , . 

The number of glands in the nails of the stomach lias been estimated at 
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about 35,000,000 They are tubular glands, containing either tuo or three 
types of cells (page 473) The mucus secreting cells are found near the 
opening of the gland The parietal or acid secreting cells occur in the 
bod) of the gland The c/ucf cells are present in the deeper parts of the 
gland and produce the precursor of pepsin, called pepsinogen In general, 
these precursors are called zy mogens 

The glands m the central Tegion or body of the stomach usually have all 
three types present In the pvloric end of the stomach, the glands ha\e 
no acid secreting cells but chief cells and mucous cells are found 
The gastric juice is necessarih acid, since pepsin, which digests protein, 
is active onl\ in lughh acid solutions In fact, pepsinogen is not activated 
until it comes into contact with hydrochloric acid (HC 1 ) which changes it 
to pepsin The optimum aciditv for pepsin action is about pH 1 5 ^ urc 
gastric juice contains 98 per cent water, the cnzvmes pepsin , renmn, and 
gastric lipase inorganic salts, and HC 1 in sufficient quantitv to increase its 
acidity to pH 09 to 1 5 By the time this acid becomes mixed with food 
however, the acidity is much less — about pH 2 o to 3 o 
The enzymes renmn, which curdles milk (that is, precipitates the protein 
casein), and lipase, which acts on fats, are not very effective in the gastric 
digestion of adults Renmn is most activ c at pH 6 o and docs not act below 
pH q6 lipase is most active at pll 50 In infants, the gastric juice is not 
\erv acid, being nearer the optimum range for renmn action, in adults, this 
emvmc is practically useless, but the I 1 C 1 alone would bring about the 
curdling of the milk The effectiveness of the fat splitting cnzvmc is also 
questionable Its action would be far greater in the intestines, where the 
food is emulsified to a greater extent than in the stomach 
The curdling of milk in the stomach is cvidcntlv necessary to prevent the 
fluid milk from passing directly through the stomach The curd can 
then be acted upon bv pepsin 

Studies of Gojtric Secretion 

One of the earliest studies on the secretion and action of gistnc juice vvas 
madebv the Italian, Spallanzani, in 1-82 lie found that the gastric |tucc 
of buds and humans ‘dissolved* food cspcciallv meat Previous to Im 
tunc such suggestions were unheard of, the prevalent belief licing that some 
"vital influence vvas ncccssarv Main believed also that millions of small 
worms attacked the food m the stomach and digested it 1 vidcnlh this 
notion developed because of the parasitic worms umloubtcdlv existing m 
the alimentary tracts of humans ami other animals in those d us 

Hi esc ideas were still held In mmv until the tunc of William Beminont, 
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the phjsician responsible for much of the earlier knowledge of the move 
ments and secretions of the stomach 
At Mackinac Island m 1822, Beaumont was called upon to attend a 
French Canadian half breed by the name of Alexis St Martin, who had been 
shot accidentally in the side He stitched the edges of the stomach wall, 
which had been torn open by the gun shot, to the abdominal wall to make 
him more comfortable He expected the patient to die but to his surprise 
he continued to live although he had a large hole leading directly into his 
stomach Openings of this type are referred to as fistulas 
Realizing the value of his patient, Beaumont took him into his home 
as his servant and assistant B) looking through the hole in the abdominal 
wall, he could see the stomach move, and the gastric juice pour out of the 
glands, especially when food entered the stomach As a result of some 
very w ell organized experiments with his human guinea pig, he proved 
definitely that gastric juice is normally produced at all times, although m 
minute quantities between meals Samples of gastric juice, taken under 
different conditions, were found, on analysis, to contain high concentrations 


of hydrochloric acid 

Beaumont’s greatest difficulty proved to be the behavior of St Martin 
who had a taste for alcoholic beverages Sometimes lie would disappear 
for months m the middle of an experiment However in spite of his 
many difficulties, Beaumont published a monograph in 1833 entitled Ex 
penments and Observations on the Gastric Ju.ce’ ninth has proven to be 


one of the classics of phjsiologv 

Earl) in tins centur). Dr Carlson of the Unnctsih of Chicago added 
grcqtlj to our knowledge of gastric function by Ins observations made on a 
man with a similar fistula caused b) an operation performed when Ins 
esophagus had closed following the accidental drinking of caustic alkali 


Control of Gostnc Secretion . , 

Two natural methods control gastric secretions m the human stomach 

nervous control and hormonal control 
The Russian scientist l’avio,. and Ins coworkers, earned out most of 
the carls investigations on uersous control of gastric secretions 

lEc ga t ic glmds are innervated bv the panvvn, pathetic division of the 
ic gastric glanos . when stimulated, the vagi cause an 

autonomic nervous svstem v,. su ,, F .„hct,c division 

increase in the secretion of acid an ^ |]nKC ,„ lllbl „ 0 „ of 

causes vasoconstriction in the stomach ninco , 

secretion except that it mas inemsc nmcoiis^cc, „ ]c 

stated by means of an esophageal fistuli (1 i.urc , 
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presence of food in the mouth caused gastric secretion (a fact which Beau 
mont had not obscr\ed) This t\pe of feeding is referred to as sham 
feeding because the food that the dog takes into its mouth and swallows 



FIGURE 272 

An esophageal fistula by means 
of which sham feed ng expcri 
ments are carried out In this 
way Pavlov prosed that the pres 
ence of food in the mouth in ti 
ated gastric secretion 


passes out through the opening in the neck It never reaches the stomach 
)ct this organ is actuated reflexl) so that there is an increase in secretion 
If the vagus nerves to the stomach are cut the stomach no longer responds 
to the presence of food in the mouth It is now known that sensor) fibers 
from the taste organs lead to a center in the medulla where the impulses 
coming from them arc transmitted to the vagal fibers and down to the 
stomach increasing its activ it) 

T he reflex is also set up b) sensor) fibers from the organs of sight smell 
and hearing and it is known that even the thought of food causes gastric 
secretion The stimulation affecting these organs is called psychic stmuila 
bon as compared to contact stimulation in the mouth The denervated 
stomach is not activated bj an) of these stimuli however gastric secretion 
continues if food is put into the lumen of the stomach 11ns is caused b) 
humoral or hormonal stimulation 

Unpleasant experiences seem to hmdcT secretion in the stomach This 
is also true of emotional upsets such as fear anger or embarrassment 
Pleasant table surroundings arc essential to proper secretion and digestion 
I amilv quarrels at the dinner table mav cause indigestion Carlson has 
done much work on this problem lie Ins shown that a large quantitv of 
gastric juice is produced in humans during the process of eating but that 
it decreases soon after 3nd that this secretion has a high concentration of 
pepsin 


Goitnn 

It has aheadv been pointed out that contact of food with the stomach 
wall causes an increase m secretion Tim occurs even in a complctch de 
novated stomach or m a transplant of gastric tissue far removed from the 
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stomach and placed in such a position as to form a pouch in order that 
secretion can be studied If the transplant is successful, a circulation is 
established and it is referred to as a stomach pouch If now the animal on 
which the transplant was made, is fed in the usual manner, the stomach 
itself secretes normally At the same time, in the stomach pouch, which has 
only a blood supply, no nerves, the glands begin to secrete The only wav 
in which this activity could be initiated is bv means of a chemical substance 
a hormone carried by the blood stream The glands within the pouch 
respond to the hormone even though thev mav be at some distance from 
the stomach 

Certain substances m foods act on the stomach mucosa, causing it to 
produce a hormone called gastrin This hormone, absorbed into the blood, 
and earned to the gastric glands, stimulates them to greater secretion 
Some of it reaches the transplanted stomach pouch bv wav of the blood 
stream and has a similar effect on the secreting cells there Histamine has 
been found to have a very powerful influence on gastric secretion and, as a 
result, some investigators are inclined to believe tint this is identical with 
the hormone gastrin 

An “intestinal” phase of gastric secretion occurs also which is probibh 
due to the production of a hormone If food is placed in the upper part 
of the duodenum of a dog, the stomach glands begin to secrete, although 
no food was present in the stomach or had conic in contact with the mouth 
It is known also that if the intestinal chvme is drained off a rapid reduction 
in gastric secretion takes place 

In summary, then, we can divide the gastric responses mto 3 phases- (1) 
the psychic phase which requires a conditioning m the case of smell, sight 
or hearing but which is unconditioned ... the case of contact or taste 
stimulation, (:) the gastric phase in which a hormone, causing secretion, 
is produced and (3) the intestinal phase 


THE PRODUCTION AND ORIGIN OF HYDROCHLORIC ACID 
The I15 drochloric acid of gastric juice is cs identh secreted In the panclal 
cells of the tubular glands In .he glands of the middle portion of the s.rnn 
cell these cells occur m large numbers and is here that .lie g P I 
of Hie acid is produced In the pi lone region no pane a cells are present, 
and the secrchon ,s alkaline in action Also, diem, cal tests hm. a tog . 
concentration of chloride the parietal cells Tins chloride is 
the source of that found the IICI. ... fact, it is known that the parietal 

cc >ls show an acid reaction . _,i.-, nrrt i 

How the IICI is produced is still a question No thcon as vet advanced 
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presence of food in the mouth caused gastric secretion (a fact which Beau 
mont had not observed) This type of feeding is referred to as “sham 
feeding because the food that the dog takes into its mouth and swallow's, 


FIGURE 272 

An esophageal fistula by means 
of which sham feeding expen 
ments are earned out In this 
way Pavlo\ proved that the pres 
ence of food in the mouth initl 
ated gastnc secretion 

passes out through the opening in the neck It never reaches the stomach 
jet this organ is actuated reflexlj so that there is an increase m secretion 
If the vagus nerves to the stomach are cut the stomach no longer responds 
to the presence of food m the mouth It is now known that sensory fibers 
from the taste organs lead to a center in the medulla where the impulses 
coming from them are transmitted to the vagal fibers and down to the 
stomach increasing its activity 

The reflex is also set up by sensor) fibers from the organs of sight, smell 
and hearing and it is known that even the thought of food causes gastnc 
secretion The stimulation affecting these organs is called psychic stimula 
bon as compared to contact stimulation in the mouth The denervated 
stomach is not activated b) an) of these stimuli, however, gastric secretion 
continues if food is put into the lumen of the stomach Tins is caused b) 
humoral or hormonal stimulation 

Unpleasant experiences seem to hinder secretion in the stomach Tins 
is also true of emotional upsets such as fear, anger or embarrassment 
Pleasant table surroundings arc essential to proper secretion and digestion 
I amil) quarrels at the dinner tabic mij cause indigestion Carlson has 
done much work on this problem lie has shown that a large quantitv of 
gastric juice is produced in humans during the process of eating but that 
it decreases soon after; and that this secretion has a high concentration of 
pepsin 

Gaitnn 

It li3S already been pointed out that contact of food with the stomach 
wall causes an increase in secretion This occurs even in a complctel) dc 
nervated stomach or in a transplant of gastnc tissue far removed from the 
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stomach and placed m such a position as to form a pouch m order tint 
secretion can be studied If the transplant is successful a circulation is 
established and it is referred to as a stomach pouch If now the animal on 
which the transplant was made is fed in the usual manner the stomach 
itself secretes normally At the same time in the stomach pouch w Inch has 
only a blood supply no nerves the glands begin to secrete The only uaj 
m which this actiuty could be initiated is b\ means of a chemical substance 
a hormone carried b) the blood stream The glands within the pouch 
respond to the hormone e\en though the\ ma\ be at some distance from 
the stomach 

Certain substances m foods act on the stomach mucosa causing it to 
produce a hormone called gastrin Hus hormone absorbed into the blood 
and carried to the gastric glands stimulates them to greater secretion 
Some of it reaches the transplanted stomach pouch bv was of the blood 
stream and has a similar effect on the secreting cells there Histamine Ins 
been found to ha\e a \er> powerful influence on gastric secretion and as a 
result some imestigators arc inclined to bchc\c that this is identical with 
the hormone gastrin 

An intestinal phase of gastric secretion occurs also which is prohibit 
clue to the production of a hormone If food is placed in the upper part 
of the duodenum of a dog the stomach glands begin to sccrctc although 
no food was present in the stomach or had come in contact with the mouth 
It is known also that if the intestinal chwnc is drained off a rapid reduction 
in gastric secretion takes place 

In summary then we can diwdc the gastric responses into 3 phases ( 1 ) 
the psychic phase which requires a conditioning in the case of smell sight 
or hearing but which is unconditioned in the case of contact or taste 
stimulation (2) the gastric phase in which a hormone causing secretion 
is produced and (3) the intestinal phase 
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is wholly satisfactory m explaining secretion of HC 1 Years ago it was 
suggested that the reaction which results in its formation also involves the 
acid phosphates 

NaH„P 0 4 + NaCl » Na„HP 0 4 -f HC 1 

It was suggested also that the HC 1 is secreted into the duct of the gland 
while the alkaline phosphate passes back into the blood stream, increasing 
the alkalinity of the blood It is a fact that after the completion of gastric 
digestion, the urine becomes more alkaline This increase in alkali con 
centration in the blood is referred to as the alkaline tide ” 

Another earlv idea proposed that 1 IC 1 is formed by interaction of protein, 
containing many carboxyl groups, and sodium chloride The Sodium 
Protcinate Theory , as it was called, may be represented b\ the equation 

Protein COOH + NaCl > Protein COONa + HC 1 

However, these two theories are thought to be too simple to explain a 
process seemingly as complicated as that for HC 1 formation 
More rccentlv, mam new theories have been proposed in an attempt to 
explain this phenomenon One receiving much attention is tint of Daven 
port which was presented in 1941 It was found that the parietal cells 
contain the enzyme, carbonic anhydrasc , in greater concentrations than in 
red blood cells where it is important for transport of carbon dioxide Its 
function m this respect has been considered in Chapter 30 According to 
Davenport’s theory, carbon dioxide, formed within the parietal cell is 
combined with water through the action of the carbonic anhydrasc to form 
carbonic acid I rom this acid, the hydrogen ion is excreted by the cell and 
the bicarbonate ion moves into the blood capillaries As a result of the 
increase in blood bicarbonate, chloride 1011s leave the blood stream and, with 
the excreted hydrogen 1011s, form the IIC 1 which is secreted from the gastric 
glands Hie reactions nny be represented by the follow ing 
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THE CONTROL OF ACIDITY IN THE STOMACH 
The stomach can withstand high acidity, but sometimes certain types 
of foods or an emotional upset may cause too great an acid secretion If 
it is only temporary one maj suffer no ill effects 
Sometimes the stomach of an individual may contmuoush secrete large 
quantities of acid, producing hyperacidity or hypcTchlorhydna There is 
no increase m the acidity of the gastnc juice but an increase in quantrtv 
produced Duodenal or gastric ulcers and p\lonc obstruction arc almost 
imariably accompanied by hyperacidity 
The question arises as to why the stomach docs not digest itself, cspecialh 
when the acid and pepsin content is high Ulcers are actually produced b\ 
partial digestion of the walls of the stomach It is true that the incidence 
of ulcer is greater in individuals with hyperacidity than others, but main 
suffer from hvperacidits and yet do not have ulcers If pieces of stomach 
tissue are placed in the intact stomach, thc\ arc digested just the sime as 
any other protein Howe\er, if some other tissue is transplanted onto the 
wall of an active stomach and subsequent de\ clops a blood circulation, it 
is not digested any more than the intact stomach wall 
At death, especially sudden death, following a meal when there is a large 
quantity of gastric juice in the stomach, the stomach docs begin to digest 
itself There is no satisfactory explanation to this problem Some have 
suggested the presence of an antipcpsin m the walls of the gastric mucosa 
A decrease in gastric aciditv, subacidity or hypochlorhydna, occurs in 
many individuals without producing any apparent symptoms 
Arwcidifv or achlorhydria is found in about 4 per cent of normal humans 
Svmptoms may or mav not appear Sometimes a persistent d.arrhci is 
associated with it, which can be overcome bv administering acid Hus 
condition appears m almost 100 per cent of patients with pernicious anemia 
Gastric cancer and gastric inflammation arc also acco.np lined In con 
ditton 


DIGESTIVE PROCESSES IN THE STOMACH 

When Ihc food enters the stoinicli it >s usuilh huh solid, or pcrlnpr 
somcrrhlt pastchhc ... cons,,.cncs When .1 ter es Ux » »nuc h , ,, 
... a sen.ih.pnd to liquid coupon. Hf'Z (lmm 

.cTto^soo'rc'of pdne iu.ee arc p.orhiced dailr) and changes begin In 
talc place ,n the .nofccub. st.uc.u.c of the food Proton,, a.e hrd.olr-.ed 
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to proteoses and peptones They are never broken down completely into 
amino acids, this is done m the intestine If some of the protein remains 
undigested there are proteolytic enzymes produced in the intestine which 
continue the protein hydrolysis The carbohydrates are in the form of 
sugars and starch Some sugar is usually included in the diet and some of 
the starch is acted upon by salivary amylase in the fundus and is hydrolyzed 
to disaccharides If maltose is present or formed later, the enzyme maltase 
will act also in the fundus to hvdrolyze this sugar to glucose The extent 
of emulsification and digestion of fats in the stomach is very small compared 
with digestion in the intestine 

All of these products undergo a mild trituration in the stomach and 
become thoroughly mixed The churning also is rather mild even though 
the contractions of the stomach appear vigorous This is easily noted when 
the diet consists of such foods as whole grapes that are not chewed or peas 
—they are excreted m the feces m practically the same condition as they 
were swallowed the stomach haring \ery little effect on them 

The chyme produced by the activity in the stomach, contains only 
partially digested proteins carbohydrates and fats, and is ready for further 
action in the intestine Periodically, portions of it pass through the pyloric 
sphincter into the duodenum 

PANCREATIC JUICE AND ITS ACTION 

Pancreatic juice is secreted by the alveolar cells of the pancreas It is 
earned by the pancreatic duct to the intestine into which it empties at the 


FIGURE 273 

The pancrcalic and bile duels 
showing their union just previous 
to their entnnee into the duo 
denum 
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same point as does the bile duct — just a few centimeters below the pyloric 
sphincter If obser\ed before secretion has occurred the cells of the pan 
creas are found to contain large numbers of secretion granules Obsen ation 
immediately following a meal shows the granules to have disappeared, the 
secretions have been thrown into the pancreatic duct 

Every twenty four hours the pancreas produces about 800 cc of juice 
This fluid consists of about 98 per cent water and 2 per cent solids, chiefly 
enzymes It has an alkaline reaction and contains sodium carbonate and 
bicarbonate 

The food coming from the stomach in the form of chyme must be further 
digested if it is to be absorbed Many enzjmes which cither initiate or 
continue protein, carbohydrate and fat digestion, are found in the small 
intestine Some of these enzymes are produced by the pancreas and others 
by the intestinal glands The bile contains no enzymes but it furnishes 
a medium aiding in the digestion and absorption of fats 


Enzymes of the Pancreohe Juice 

The pancreatic juice contains enzjmes capable of carrying out partial or 
complete digestion of proteins, carbohjdrates and fats All of these en 
zymes require a neutral or slightly alkaline condition for optimum action, 
the bile, pancreatic and intestinal juices contain sufficient basic salts to 
neutralize partially the acid chyme from the stomach During fasting the 
contents of the duodenum may approach an alkalinity of about pU So but 
during digestion of food due to the acid chvinc from the stomach the con 
tents may be very slighth acid (pH 6 6) nevertheless the cnzvmcs still 
function well 

Three proteolytic enzymes have been identified Trypsm acts upon 
natural proteins in a fashion very similar to pepsin and reduce: them to 
proteoses and peptones As formed in the pancreas, it is in the inactive 
fonn, trypsinogen, and requires the presence of the cnzunc enterohnase, 
produced by the intestinal glands, for its conversion to active trvpsm I low 
ever, minute traces of trvpsin can cause a rapid conversion of more trvpsmo- 
gen to trvpsm Ch\ mo trypsinogen also nnv act on proteins but onlv after 
it is converted to the active form chymotrypsm bv the presence of trvpsm 
Thus these two cnzvmes arc dependent upon the presence of cntcrokmasc 
for their proper functioning Carbon peptidase acts upon polvpcp « « 
splitting off amino acids having a carbon 1 group free at the end of 

acts on starch, Hdrolvwng it to 

this respect. ,t is similar to sal, van annhsc. but is more powerful since the 
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reaction is accomplished much more rapidly Small amounts of maltose 
may carry the digestive action on until monosaccharides are produced 
Pancreatic lipase, known also as steapsin is a fat splitting enzyme requiring 
the aid of bile salts produced in the liver 

Regulation of Pancreafc Secretion 

Control of pancreatic secretion is partly nervous, partly hormonal If 
food is placed in the mouth the pancreas begins to secrete as a result of 
reflex stimulation, conditioned or unconditioned Sight, thought or smell 
are all included under conditioned stimuli as compared with contact stimula 
tion in the mouth which is unconditioned By means of these reflexes, the 
intestine m the same manner as the stomach, is prepared for the reception 
of food The vagi innervate the pancreas direct stimulation of these nerves 
will cause secretion 

The pancreas however even though denervated, continues to secrete 
as long as food comes to the stomach — a fact discovered in 1902 by Bayhss 
and Starling They found that when the chyme (containing acid gastric 
luice) entered the intestine, it caused the production of a hormone, called 
secretin This is absorbed into the blood stream and carried to the pan 
creas which is stimulated to greater secretion 



The production of secretin and its movement via blood stream to 
pancreas The action of 1ICI on prosecretin in duodenal wall pro 
d ices secretin which is earned via blood stream to heart and finally 
back to pancreas wl ere it causes digestive cells to produce pancreatic 
juice 
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Evidently this hormone, existing as prosecretin m the walls of the 
duodenum, is activated by hydrochloric acid 
These same investigators also found that an acid extract of the duodenum 
when injected into the blood stream of a mammal causes greater secretion 
of the pancreas, although acid itself has no effect on the pancreas 
Secretin, a polypeptide has been isolated and crystallized in pure form 
There is some difference in the type of fluid secreted when the pancreas 
is stimulated by way of the \agus nerves or when stimulated by the hormone 
secretin With nervous stimulation, the secretion of the pancreas is rich in 
enzymes but is rather thick m consistency and small in volume The cells 
can be exhausted of their zymogen granules bv continued vagal stimulation 
The hormone, upon stimulating the pancreas brings about the produc 
tion of a waterv fluid high m alkali (bicarbonate) concentration but with 
a very small quantity of enzymes This thin waterv fluid aids in cleaning 
the crevices between the villi and making the chyme more watery in order 
to favor more rapid absorption through the walls of the intestine and more 
rapid flow through the lumen 

INTESTINAL JUICE (SUCCUS ENTERICUS) AND ITS ACTION 
The whole surface of the small intestine is covered with finger like 
projections called villi In man 18 to qo villi arc present m each square 
millimeter of intestinal surface there being about 5 000 000 altogether 



Tl'C mJJ, q( die intestinal tract 
B villus show in a Wood vessels 
villm 


A „n„ mMi ccMnl licIMl |N°™1 
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Their structure is shown m Figure 275 They are richly supplied with 
capillaries through which digested food materials are absorbed, at the 
center of each is a lacteal, into which most of the fat is absorbed The ulh 
function in absorption and m presenting an enormous surface for that 
absorption 

Secreting cells on the surface and at the base of the \ 1II1 are discussed else 
where 

About 3000 cc of intestinal juice is produced per da) , consisting of about 
98 per cent water and 2 per cent solids Sodium carbonate and bicarbonate 
are abundant, giving to the secretion an alkaline reaction, between pH 70 
and 8 5 The intestinal juice contains several enz)mes 

The Enzymes of the Intestinal Juice 

One of the enzymes produced in the walls of the intestine, enterokmase, 
mentioned previously, actuates trypsinogen of the pancreatic juice to 
tnpsui 

Also present are enzvmes that hydrolyze the disaccharide sugars to mono 
saccharides These enzvmes are sucrase or mvertase, maltose and lactase, 
which act upon sucrose, maltose and lactose, respectively One molecule of 
sucrose breaks down to one molecule of glucose and one of fructose, maltose, 
to two molecules of glucose, and lactose, to one molecule of glucose and one 
of galactose 

The intestinal jmcc has been known for some time to contain materials 
acting not upon native protein, but upon peptides — the products of partial 
protein digestion At first, that portion of the intestinal juice having a 
peptidase activity was called crepsin More reccnth, how c\ er, specific 
components have been identified and so the name crepsin is no longer m 
use Aminopcphdase acts m a manner similar to carboxypcphdasc, except 
that it splits off ammo acids from the polvpcptidc chain having their amino 
( — bill.) group free Dipepitdascs arc also present and act upon com 
pounds made up of two ammo acids They arc quite specific, that is each 
one mav act onlv npon a combination of particular ammo acids 
The intestinal juice contains also small amounts of lipase, which is, 
nevertheless, of considerable importance It lias been shown that fat 
digestion mav occur even though the pancreas Ins been removed, or its duct 
ligated 

Control of InfMlmol Socrtlion 

The contact of food with the walls of the intestines is one of the best 
means of stimulating intestinal gland secretion Strclching the walls of 
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Bile 

The digestive (unction of the liver is apparent chiefly in the action of 
certain constituents of bile About 400 to 800 cc of bile is produced daily 
by the liver cells it is a yellow to dark brown solution consisting of 98 per 
cent water and 2 per cent solids Its important constituents from the stand 
point of digestion are the bile salts — sodium glycocholate and sodium 





FIGURE 277 

The relationship between tl c 
liver gall bladder and intestine 
and the flow of the btle The 
arrows indicate the flow of bile 
salts from the Iver where the) 
are produced to the gatl bladder 
and thence to the duodenum 
Most of the bile salts are rcab 
sorbed bj the capillaries of the 
large intestine and arc carried 
back to the liver for further use 


taurocholate These salts arc responsible for the emulsification of fats 
and lipoids in order that tlicj mat be digested bj the enzyme lipase of the 
pancreatic juice and then absorbed This action breaks down the f3ts 
into glycerol and fatty acids 

\o c:i7 vines arc present in bile it is alkaline in reaction (pH 7 5) and 
contains besides the substances al reads named fattv acids lecithin 
cholesterol inorganic salts and the bile pigments bilirubin and bilncrdm 
Rihmbin is a brownish colored pigment produced as a breakdown product 
of hemoglobin in the livers of carnivorous animals It is heme minus its 
iron Rihvcrdm oxidi/cd bilirubin is a \ cllow to greenish pigment pro- 
duced m the livers of herbivorous animals 

When stimulated nerve fibers leading to the liver bv vvaj of the vagi 
increase bile production If the blood supplv to the liver is increased bile 
flow is increased and wet versa However tlic nature of the regulation 
of bile formation is not cntirclv clear 
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THE GALL BLADDER 

The function of the gall bladder is storage of the bile, secreted by the 
liver cells at all times. If this bile were carried directly to the intestine, 
much of it would be wasted, since it is useful only after food containing fats 
or lipoids has entered the intestine. For this reason, it is advantageous to 
store it until needed. The bile flows to the gall bladder by way of the 
hepatic duct and the cystic duct which leads directly into the gall bladder. 
The common bile duct is formed bv the union of these two and leads to 
the intestine, entering it along with the pancreatic duct. At its end near 
the intestine is a sphincter muscle which is usually closed, damming the 
bile back into the gall bladder. 

The gall bladder is a baghke reservoir, storing bile temporarily. It holds 
about 40 to 50 cc. of fluid, gradually becoming concentrated by the rcab- 
sorption of water and alkali into the blood stream 

The gall bladder contracts from time to time, forcing its contents into 
the intestine. This contraction is brought about by nervous action. The 
smell or taste of food initiates the reflex, causing the gall bladder to contract 
slowly and the sphincter to relax at the same time. A hormonal control 
also exists and is effective c\en after the ncncs leading to the gall bladder 
are cut. A hormone, cholecystokinin, produced in the intestinal mucosa 
by the action of fatty foods, is absorbed into the blood stream and carried 
to the gall bladder which it stimulates to contraction. 


Jaundice or Iclerut 

When an excessive amount of bile pigment is present in tire blond stream, 
it diffuses into tbc tissues, imparting a yellow color to them Tins is called 
jaundice or icterus, three types of which arc known: 

t. Hemolytic jaundice is caused by an overproduction of bde pigment 
due to increased red cell destruction. 

a. Obstructive jaundice is caused by blockage cl the hepatic or common 
bile duets. 11, is blockage may be caused b> (a) gallstones formed from 
cholesterol or calcium, or from a combination of tbc too, or to a parasitic 
obstruction of the duct, (b) a tumor compressing the duct, or (e) conga., tal 

"IL or infective jaundice as a result of birr damage. .< tamed 1, 
the failure of tbc lisa to excrete its brie pigments tome of 
poisonous action such as that of aisaiicals. or because of infcetron. 
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SECRETIONS AND ACTION OF THE LARGE INTESTINE 
No enzymes are secreted by the large intestine or by am organs connected 
with it, although mucus is secreted in great quantities, aiding in lubricating 
and softening the fecal matter There is scry little need for enzyme secre- 
tion since the chyme, b\ the time it reaches the laTgc intestine, consists 
chiefly of undigcstible material and large quantities of water 
In herbivorous animals some digestion of cellulose tabes place in the large 
intestine, this, however, is carried on b\ bacteria, producing enzymes that 
liydrohze cellulose 

Before it passes out of the body, the fecal matter of the large intestine 
usualh loses most of its water Tcccs contain large quantities of mucus, 
bacteria, epithelial cells, undigested waste materials, and excretions, such as 
salts and heavy metals 

Constipation, or inability to defecate, results from stagnation xn the dc 
scendmg colon because of too great a water absorption or too long a retention 
Mam factors, such as improper diet, abusive use of cathartics, failure to 
eliminate when readv, and a spastic colon, contribute to constipation 
The headache and general ill feeling appearing along with constipation 
ma\ be caused chiefly b\ the absoqjtion of such toxic substances as indole, 
skatole, and phenols from the large intestine These are products of m 
testmal putrefaction, normally not produced in any great quantity and hence 
not absorbed unless the feces remain m the colon too long 

ABSORPTION FROM THE ALIMENTARY CANAL 
The amount of absorption from the mouth, pharynx, and esophagus can 
be regarded as ml The same can be said for the stomach except for 
alcohol About 30 to 40 per cent of the alcohol taken into the stomach is 
absorbed there, tlie remainder being absorbed from the small intestine 
This is one reason for its sudden action when it is imbibed on an empty 
stomach However, its absorption in the stomach depends upon many 
factors 

Practically all the digested food material is absorbed through the wall of 
the small intestine This includes the simple sugars, ammo acids, fatt) 
acids, and glycerol 

The absorption of some of these materials is earned out by simple 
diffusion or dialysis, as in the case of water, salts and amino acids How 
ever, some absorption is of a selective nature requiring a greater amount of 
oxygen, glucose, galactose, and fats are absorbed m this manner 

Most of the fat (about 60 per cent of it) is absorbed into the lacteals 
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of the villi and from there earned via the lymphatics to the thoracic duct, 
which empties it into the blood stream of the \ems in the neck region 
The other food products are absorbed duecth into the capillaries of the villi 
Water is chiefly absorbed in the colon although some of it is absorbed m 
the small intestine Salts and gases are also absorbed in the colon 
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the inefficient:} of the energy utilization of protoplasm The hung organ 
ism is said to be 25 to 30 per cent efficient, which is high compared with the 
efficients of pin steal machines — 70 to 75 per cent of the energj being lost 
by the organism in the form of heat Some of the heat produced in this 
manner is utilized b) higher animals — mammals and birds — in maintaining 
a constant, fairl} high temperature in their bodies However, considerable 
quantities of energ} are lost as heat even in these animals for much more 
is produced than is needed 

2 In the form of work Muscle cells utilize by far the greatest amount of 
energv for work, although sccretorv or gland cells also earn on much ' work 
To a lesser extent all body cells do some work and therefore, need energy 
for it 

3 In the form of stored energy Energy may be stored in the form of 
glycogen or fat to be used at a later date That energy stored up in the 
formation of new protoplasm, whether for growth or tissue repair must 
also be included under the term, stored energy 


THE CALORIE 

The unit of heat employed in physics is the calorie which is defined as the 
amount of heat required to raise 1 g of pure water from 15 degrees C to 
16 degrees C In metabolism studies, the unit used is the large calone (C), 
actually 1000 times this, or a kilocalorie (Kcal), the amount of heat required 
to raise 1000 g of water 1 degree C 

The calorific value of foods can be measured experimentally by two meth 
ods One is by measuring the total heat of combustion produced by a food 
of known weight, this is done in a bomb calorimeter The other method 
calculates the heat production value by determining the amount of oxygen 
needed for complete combustion , , , , , 

By these methods .t has been found that when completely oxrdrzed, . g of 
carbohydrate yields about 4 Calones, 1 g of fat, about 9 a, and 1 g of pro- 
tein, about 54 Calones Actually because of urcomplete combustion of 
this food, only 4 3 Calones are produced in the body from 1 g o pro er 

The amount of oxygen requ.red by foods wanes for each because of the 
different amounts of oxygen m then molecules For comple te combus 
carbohydrates require about o S liters of oxygen per gram fats, o - 
liters, aud protons 1 6 liters „„ lhe tosls of <m gen consumed rre find 

If vve consider ealone production on the oasis 6 . 

that for every liter of oxygen, approximately 5 3 oneS d f or f ats 

produced For carbohydrates it is only sl.ghth more than 5 and for fats 
a nd proteins, slightlv less than 5 Calones 
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GENERAL METABOLISM 

Metabolism is usually defined as the sum total of all the chemical processes 
that occur in the bod} of an organism 
Metabolism includes both constructive and destructive processes The 
term anabolism is used for the constructive type including all of the syn 
thetic processes of the body, such as formation of protoplasm, starch, fat, 
enzymes, and hormones, and production of immune bodies For the 
destructive processes we use the term catabolism which includes such 
processes as oxidation and hydrolysis, resulting in the production of energv 
Special metabolism may be concerned with specific types of foods, such 
as protein metabolism, or a particular organ, such as li\er metabolism, or 
with a tissue, such as nerve or muscle metabolism, or a cell, such as cell 
metabolism, or in the case of gaseous exchange and utilization, we may 
speak of respiratory metabolism These are subdiv lsions of general metab 
olism 


METABOLISM OF FOODS 

Because the energv needed for maintenance of life growth and bodtl) 
functions, is obtained from the foods we eat, the metabolism of foods is of 
utmost importance Since the greater part of our food is carbohydrate, and, 
since about 60 per cent of the proteins and 10 per cent of the fats ingested 
ma> be changed to carbolndrate, carbohydrate is obviously the most im 
portant of all foods for production of energy Foods must eventually be 
obtained from plants since the plant can utilize the radiant energv of 
sunlight m producing its own food material Animals cannot do this, and 
consequcnth, arc cntircl) dependent upon foods that have been synthesized 
b> other organisms 

Diposa) ol Enf79)> 

The energv produced by various foods is disposed of m three vvajs 

1 In the form of heat The hvv of conservation of energv holds true for 
the living organism as for anv chemical or plnsical reaction that is, the 
energv intake and outgo are equal although much of the outgo is wasted bj 
500 
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the inefficiency of the energy utilization of protoplasm The living organ 
ism is said to be 25 to 30 per cent efficient, which is high compared with the 
efficiencj of physical machines — 70 to 75 per cent of the cncrg) being lost 
by the organism m the form of heat Some of the heat produced in this 
manner is utilized b) higher animals — mammals and birds — in maintaining 
a constant, fairl) high temperature m their bodies However, considerable 
quantities of energy are lost as heat even in these animals, for much more 
is produced than is needed 

2 In the form of work Muscle cells utilize by far the greatest amount of 
energv for w orb, although secretory or gland cells also cam on much v\ orb 
To a lesser extent all body cells do some worb and therefore need energy 
for it 

3 In the form of stored energy Energy may be stored in the form of 
glycogen or fat to be used at a later date That energy stored up in the 
formation of new protoplasm, whether for growth or tissue repair must 
also be included under the term, stored energy 


THE CALORIE 

The unit of heat employed in physics is the calorie which is defined as the 
amount of heat required to raise 1 g of pure water from 15 degrees C to 
16 degrees C In metabolism studies, the unit used is the large calorie (C), 
actually 1000 times this, or a btlocalorie (Kcal), the amount of heat required 
to raise 1000 g of water 1 degree C 

The calorific value of foods can be measured experimentally by two meth 
°d$ One is by measuring the total heat of combustion produced by a food 
°f known weight, this is done in a bomb calorimeter The other method 
calculates the heat production value by determining the amount of oxygen 
needed for complete combustion 

By these methods it has been found that when completely oxidized, 1 g of 
carbohydrate yields about 4 Calorics, 1 g of fat, about 9 2, and 1 g of pro- 
tein, about 5.4 Calories Actually, because of incomplete combustion of 
this food only 4 3 Calorics arc produced 111 the body from 1 g of protein 

The amount of oxygen required by foods vanes for each because o t re 
different amounts of oxygen in their molecules For complete combustion, 
carbohydrates require about o S liters of oxygen per gram ats, a 
hters and proteins, 1 6 liters , c , 

If we consider caloric production on the basrs of oxygen consumed we find 
that for every lrter of oxygen approx.mately 5 Calories of heat energv arc 
Produced For carbohydrates it is only slightly more than 5, an 
a nd proteins, slightlv less than 5 Calories 
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Bv knowing the respirator) quotient and the figures presented abo\e it is 
possible to gain some information concerning the t\pe of metabolic processes 
occurring m animals 


DETERMINATION OF METABOLISM 

There are two methods by which metabolism can be ascertained The 
one is the direct method in which special chambers are built so that the 
heat water and CO produced or the O and foods utilized b) the bod) of 
an animal or man can be accurately determined o\er a known period of 
time This is known as direct calorimetry 
The indirect method depends on the fact that practicall) all of the heat 
produced in hung organisms is the result of oxidations Therefore if the 
owgen consumption is known it is possible to estimate the heat production 

BASAL METABOLIC RATE (B M R ) 

Basal metabolism is the metabolism existing when an animal or plant is 
it complete rest It consists of the minimum amount of metabolic actisit) 
access m to continue the hung state of an organism Actualh this condi 
tion is ne\cr obtained in animals but in the case of humans standard condi 
tions ha\c been set up which must be followed stnctl) m order to come as 
ncarU as possible to this basal state 

A diagram of the apparatus used for determining 11MR is illustrated in 
Figure 278 The subject goes without food for at least twche hours before 
testing because of the rapid and definite increase in oxidation when food is 
ingested lie is placed 111 a reclining position for at least a half hour basing 
asoidcd pli)sical exertion cn route to the laborator) Pure oxsgcn is placed 
m the bell of the n\IR outfit I he nostrils arc clamped so that the tc 
spued air passes m and out through the mouthpiece onl) The s-nlscs 
determine the direction of mosement of the air that expired ahva)s passes 
through the soda hmc or other absorbent in the tank so that CO is remos cd 
In tins \\-i\ the oxsgcn consumed can he noted I lie bell gndinll) lowers 
in the tank as the oxsgcn is remosed and b) recording the grulual change 
during a six to eight minute period on a mosmg hsmograph drum as 
illustrated we cm compare the condition of the subject with that of normal 
standards 

EFFECTS OF VARIOUS FACTORS ON BASAL METABOLISM 
Scscral factors affect basal inctalxihsm sanoml) One might suppose 
that an ideal condition for basal rate ssould he during sleep Hemes cr 
depth of sleep is difficult to ascertain or to regulate Die tming ind bodils 
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Diagram of the apparatus used in ascerta mng basal metabolism 
A pulley B container with soda lime for absorbing carbon dioxide 
C bell containing oxygen which mores up and do vn in the water 
jacket D as air enters or leases E exit raise which prevents a r from 
passing back into the bell after it leases T exit tube leading to e 
mouthpiece G inlet tube leading from the mouth to the soda hmc 
container (another valve Jist b los the container presents air rom 
backing up into this tube) II counter balance J ksmograph drum 
k writing po nt attached to tl e weight to record the memo* 
the bell (From Pace and Ricdesel laboratory Manual for \crtc 
brate Physiology ) 


movements might cause increase in metabolism depending upon the type 
°f dream, or the extent of mcnement , . ... , . 

Age is also a factor, the B M R increasing during earl) childhood up to 
*out fi xe to eight jears and then decreasing as one ages Sex is a factor 
die rate is 5 to 10 per cent loner in females than in males 
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The pathological conditions of fever and hyperthyroidism are associated 
\uth an increase whereas hypothyroidism and deficiency m pituitary and 
adrenal cortex function are associated with a decrease mBMR 
Excitement, food and exercise increase metabolism, starvation and sleep 
lower it All of these factors must be considered in any measurement 
Often the figures obtained for a particular person may be of aid in diagnosing 
a pathological condition 


PROTEIN METABOLISM 

Protein metabolism is essential for growth and body maintenance Pro 
teins are the most complex substances known being formed by the union 
of manj ammo acids During the digestive processes, they are h) drolvzed 
to ammo acids These are absorbed into the capillaries combining to form 
the venules leading to the portal vein, which enters the liver About 30 
per cent of the ammo acids are destro)ed by the action of the liver cells 
which deaminize them This means simply that the amino ( — NII 3 ) 
group is detached from the molecule and unites with carbonic acid to form 
ammonium carbonate The ammonium ion is very toxic to most living 
cells because it can penetrate rapidly through living membranes Ammo 
mum salts arc consequent), detoxified by the liver cells which can change 
them to urea 


NH, — 0 

— 0 

NH^ 

Nil, — o 



Ammonium carbonate 


Urea 


Urea produced m this wav, tint is dircctl) from the absorbed annuo acids 
is called exogenous urea lint produced withm the cells as a product of 
metabolism is endogenous Both tvpcs arc earned to the kidncv where 
most of the urea is excreted Because of the action of the liver cells on 
ammo acids rather large quantities of protein arc ncccssarv in the diets of 
animals The amino acids that escape the liver arc carried to the tissues 
where thev arc needed to build up proteins and protoplasm 

lint part of the ammo acid molecule remaining after deaminization rna) 
be converted to glucose or glv cogcn in the liver, or it max be oxidi/cd to 
carbon dioxide and water 

In muscle large quantities of creatinine aie producer) being derived from 



METABOLISM 


505 

CTcatmc ulucl) is of great importance m muscle metabolism Tlic con 
ccntntion of creatinine in the itnnc is gtncnil) a good indication of the 
activity of the muscles 

Proteins arc the mam food imtcrnls of the diet tint sene is i source of 
nitrogen I hcrcforc one cm cstmnte the degree of protein metabolism b) 
analyzing the urine and other txcrcta for nitrogen In normal adults the 
nitrogen intake should cquil the nitrogen output tins b mg cillcd nitrogen 
balance Sometimes conditions ire such tint the nitrogen excretion is 
greater tlnn the mhU resulting m in 0 rfm nitrogen balance found during 
stamtion fever md m diets hm mpotcin or containing proteins deficient 
in csscnfidf onuno uctds which luxe alrcadv !>ccn listed (page 435) Ls 
scntnl amino acids must be present in the food of the diet since thc\ cannot 
he synthesized b\ the lxxlv tissues \\ c speak also of noncsscnUal ammo 
acids however these arc noncsscntial onU in relation to the diet for they 
3rc needed In the tissue but urn be synthesized in the bod\ from essential 
ammo acids Com for example is deficient in Ivsinc tryptophane and 
methionine* gelatin in Ivsinc md tryptophane Ilic bodv cannot s\n 
thesize these ammo acids and therefore growth or even maintenance of an 
animal is impossible if it obtims only these proteins 

At times the nitrogen intake exceeds the output and tins condition is 
termed positive nitrogen balance Hus is evident in young animals from 
the time of conception to the adult— that is during the grow ing stage when 
nitrogen is utilized in building up proteins ind protoplasm It occurs 
also during conyalcsccncc and recovery from stmation 

Theoretical!) , 20 to =3 g of protein arc needed by the normal adult per 
day to make up for the protein loss due to normal wear and tear I low ever 
•his minimum quantit) is not dependable and as a safet) measure larger 
quantities should be and usually arc ingested 

Uric acid is another nitrogenous waste product of protein metabolism 
derived from the so-called bunne bases constituting a part of the molecule 
of nucleoprotems llicsc proteins arc constituents of cells especially ce 
uuclci Sometimes because of faulty kidney excretion uric aci w ic is 
°nl) slight]) sohlbH is deposited in the |omts resulting in the condition 
called gout * 


CARBOHYDRATE METABOLISM 

The carbohydrates as monosaccharides are absorbed from the intestines 
'"to the Wood of the portal S! steni Glucose galactose and fructose are 
«"d to be absorbed sclectnel > and not according to then diffusion ra 
Urn „ probabl) accomplished bs a phosphor}lat.on process (union of 
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glucose with phosphorus) talcing place at the point of absorption after 
which the free sugars are carried by portal circulation to the liver where 
most of the glucose is removed and stored as glycogen The removal from 
the blood is also accomplished by means of phosphorylation m which glucose 
phosphate is formed and acted upon by enzymes combining several glucose 
molecules to form glycogen The process is known as glycogenesis The 
other monosaccharides must first be changed to glucose in the liver and then 
glycogen may be formed Some of the glucose however is transformed 
into fat and stored m the fat depots of the body 
The quantity of glycogen in the liver varies from time to time and m 
different individuals but on the average is around 5 to 7 per cent of the 
vv eight of the liver and often may be as much as 10 per cent Some glycogen 
is found in muscles and may average 1 per cent of the muscle weight 
There is always some glucose in the blood stream The normal average 
value is 90 to 100 mg per 100 cc of blood and at any time that it tends to 
decrease the liver is called upon and gives up some of its glucose by the 
reverse process of glycogenesis called glycolysis In muscle glycolysis does 
not result in the formation of free glucose but instead the glucose phos 
phatc formed is broken down anaerobically to furnish lactic acid with the 
resultant liberation of energy 

After a heavy carbohydrate meal the glucose concentration of the blood 
may become somewhat greater than normal This occurs when such large 
quantities arc absorbed that the liver is unable to store it The threshold 
for blood sugar is 150 to 180 mg per 100 cc of blood any sugar above this 
amount will show up m the urine the condition being called glycosuria 
The specific type cited above is known as alimentary glycosuria and is only 
temporary The general topic of glycosuria will be treated under excretion 
(Chapter 57) 

Carbohydrates as we have already learned are the chief source of body 
energy The final cud products are carbon dioxide excreted chiefly by way 
of the lungs and water which may be used by the bodv or excreted by 
various routes 


FAT METABOLISM 

Neutral fats (or true fats) are metabolized to their basic constituents 
fatty acids and glycerol (page 437) clucflv bv the lipase of the pancreatic 
juice this process is aided bv the presence of bile salts which have an 
cmulstfving action on f its and also aid in the absorption of the end products 
The cml products unite again to form neutral fat as soon as they get into 
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the lining cells of the villi and are then taken into the lacteal, at least 60 
per cent is absorbed in this way 

The neutral fats are stored in special localities within the body, called 
fat depots The greatest storage space of this t\pe in the body is just 
beneath the skin although compiratnch large amounts arc deposited m 
the omentum, the pericardium, the area surrounding the kidneys and ad 
rcnals, and also that surrounding the striated muscle fibers The omentum 
is that part of the peritoneum connecting the stomach with the Iner and 
transverse colon It hangs down m front like an apron and owing to fatty 
deposition, is mainly responsible for the increase in size of the abdominal 
region 

The neutral fats stored in animal tissues tend to be constant for each 
species Tins means that stored fat of one species if ingested by a second 
soon assumes the characteristics common to the fat of the second type 
However, some resemblance exists between the lipoid substances found in 
protoplasm of all species 

Some of the phospholipids, or fats combined with phosphoric acid are 
extremely important to the normal functioning of protoplasm These con 
sist of lecithin, cephahn, and sphingomyelin They are particularly im 
portant in cell membranes as an aid in regulating their permeability The 
frue fats are ultimately oxidized to carbon dioxide and water, this oxida 
tion occurring in any cell containing the proper enzymes 


ADDITIONAL READING 

DuBois, E F , Basal Metabolism m Health and Disease 3rd ed (Philadelphia 
Lea and Tebiger, 1936) chs a 6 Metabolism of basic foods methods 
for measurement of metabolism , . 

Fulton, J r Textbook of Physiology, 16th ed (Saunders 1950 ), chs 51,5. 
Metabolism of foods measurement of metabolism 
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Physiology of Excretion 


NEED FOR EXCRETION 

In all chemical processes that occur in the animal body waste products 
or by products are produced for which there is no immediate need In tact 
they may be poisonous and must be eliminated 

Plants do not usually have special organs for getting rid of waste matena s 
They merely store them in the cell walls or within the cells themselves 
However, some of the lower plants living m water, can rid themselves o 
their wastes by diffusion Animals, for the most part, have special stiuc 
tures for elimination 

The so called excretory organs" of animals appear to have a second 
function aside from that of the removal of waste products They are a so 
specialized as osmoregulators (the elimination of excess water) Usua v 
relatively great quantities of water are ingested with the food of anima s 
This must be removed, otherwise there would be danger of the tissues 
becoming waterlogged 


MATERIALS EXCRETED BY ANIMALS 

1 Water As pointed out above, most animals including land, sea, or 
fresh water types, take in large quantities of water Some of this water 
may be utilized by the body cells, but most of it is eliminated by the 
excretory organs That this water, which merely passes through the bod), 
should be referred to as an excretion, is questionable It plays no part in 
metabolism of the cell and is not, therefore, one of its excretory products 
On the other hand, water formed within living cells dunng normal meta 
bolic activ ltics is called metabolic water and is a true excretion Since both 
tvpes pass out of the animal system by way of the same structures, it is 
impossible to differentiate between them 

2 Carbon dioxide Excretion of carbon dioxide tabes place by way of 
the lungs This process has already been covered in the discussion on 
respiration (page 375) A small amount of carbon dioxide becomes a part 
of the urea molecule and is excreted as such, as well as in the form of calcium 
carbonate 

2 Nitrogenous compounds Usually when vv e speak of excretion, we arc 
* 508 
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referring to hidncy excretion, the excretory substances of which are for the 
most part nitrogenous The nitrogenous excretions of vertebrates is fairly 
well know n but that of mam imcrtebratcs is still not very clearly understood 
It has been shown that in some invertebrate forms, such as the annelid worms, 
molluscs, and crustaceans, the excretory processes and substances are funda 
mentally similar to those of the v ertebrates 

Urea and uric acid arc two of the most important nitrogenous compounds 
excreted by animals, although ammonia, hippunc acid, and creatinine also 


may appear m urmc 

During normal metabolism, urea is produced Urea in t e excre 
tions of vertebrate animals may be of two types, exogenous an en og 
enous Actually, most of the urea produced m the body is formed in the 
h\er, other tissues producing very little However m cit er case e urea 
formed is a true waste product, although most of it is formed by a very 
special metabolic process m a comparatively small portion o le o y 
In the intestines, considerable quantities of ammonia are produc d I by 
putrefaction Tins product is absorbed through ^ e ’ n testinavvanand 
earned by the portal system to the liver where rt is detoxified-changed to 
urea by the liver cells This also, is exogenous urea 

The liver of vertebrates is an excretory organ ™ ^ 

pass, by way of the Bdirub^ bdtverdtn, and 
e „ esLnrac, byway of ...We duct 
U eJ and unc c d appear to be eliminated in greatest concentration by 

tersest .“ammals nheieL ammonia and ammo adds are the waste products 
terrestrial animals, net the ch , ef mt rogenous excretory 

“ oThsh Mammals whereas urre aerd rs the primary 

determining the nature of the bc re ] eased rap.dli 

moma is extremely soluble m x . wdl aJ 3n ^tor, product for 
and diffuses into the e "' ,ronn '™’ t t0 a sl ,ghtl} lesser extent, for 

aquatre forms Tire same is u Unc J d > n the olher hand, 

urea, since it also rs <l“‘ te 50 ter K ^ cicle d in mam cases in the 

because of its mlahxe msolubddy m >xato ^ faj ^ ^ ^ Ur , c 

crystallmc form, the ^ c , S of m3n ^„,mals uh.ch are adapted loan 
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senation is effected 

4 Nonmtrogenous compounds 


Nonnitrogcnous substances also are ex 
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CI eled, many of them appearing only as temporary excretory materials 
Many inorganic salts appear in the urine and other excretions Chief among 
them are sodium, potassium, calcium and magnesium chloride, sulfate, or 
phosphate 

EXCRETION IN INVERTEBRATES 

Protozoa The nitrogenous waste products of protozoan organisms are 
as variable as the wastes of vertebrates In some, urea is excreted, m others 
unc acid, and in others ammonia It is not ahvavs known ]ust how these 
products are excreted by different species They are found only when the 
solution in which the \anous protozoan cells have been lning, is analyzed 
So far, attempts to show that the contractile vacuole of Paramecium contains 
nitrogenous wastes have failed although we are inclined to think of it as an 
excretory organ It does function as an osmoregulator, an essential in fresh 
water In many, if not all, protozoan species, the nitrogenous and other 



FIGURE 279 

Paramecium show ing manner in which 
the contractile vacuoles function in os 
morcgulation 


wastes could diffuse through the cell membrane to the outside Urea and 
ammonia pass through cell membranes rapidly, hence, contractile vacuole 
would be unnecessary for the excretion of these substances At any rate, 
there is a much higher concentration of these products in the surrounding 
liquid environment than can be accounted for by way of the contractile 
vacuole indicating that excretion is earned out by diffusion of waste 
products directly through the cell membrane Many marine forms do not 
have contractile vacuoles or comparable structures and the only possible 
means for excretion is by diffusion through the cell membranes Evidently, 
therefore, the contractile vacuole is chiefly an osmoreguhtor and not an 
excretory organ 
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Ponfera and Codentcrata There are no specialized excretory organs in 
the porifcn or coelcnterates Some investigators claim to have found uric 
acid in one species of sea anemone but, m most cases, ammonia and to a 
lesser extent, urea, appears to be the primary nitrogenous waste mate 
rial 

Platyhelmmthes and Nemathdminthes In the Phtjhelmmthes or flat 
worms, a very interesting flame cell cxcretorj system is found (Figure 
35 page 52) This is sometimes referred to as a protonephndtum because 
it is thought that the nephndia of annelid worms developed from them 
These cells are quite numerous and appear as branches from the two main 
excretorj tubes which emptv their contents bv wav of excretorj pores Thej 
are thought to be osmoregulatory in function nothing is known concerning 
the waste products excreted 

In Nematodes the excretory structures are verv similar to those of the 
flatworms 


Annelida The earthworm a tvpical member of this group has well 
developed nephndia one pair in each segment (Figure 280) These are 


the excretory organs although there 
may be other excretor) structures such 
as the amoeboid cells that collect waste 
materials and then travel to the bodv 
surface to be thrown out Glandhhe 
structures occurring also along the ne 
phndial tube are thought b) some to 
excrete substances into it These ne- 
phridia are well supplied with blood 
vessels There is still much to be dis 
covered concerning excretion and ex 
cretory sj stems of annelids 
Echmodermata The eclnnoderms 
have no well defined excretory svstem 



but some loss of nitrogenous wastes figure 2ro 

takes place through the w ater v ascular 

Sjstem In starfish amoeboid cells Ncplmd.um of earthworm 

take up waste materials m all parts of 

the bodv cam them to the respiratory papillae on the surface and are then 
expelled Urea and ammonia arc found in low concentration in the water 
'ascular system of the eclnnoderms 

Ar thropoia The green glands of crustaceans nine!, are found at the 
base of each antenna are c, .denth the ciucf organs of exact, on In add, 
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tion, they act as osmoregulators m fresh water species The liver of crus 
taceans is also an important excretory organ in that it can extract foreign 
materials, especially uncacid or urates from the blood stream and pass them 
out by way of the intestines 

Uric acid is the normal nitrogenous excretion of insects, although urea, 
ammonia and amino compounds arc also excreted by some species The 
Malpighian tubules are the structures concerned with excretion, their num 
bers \arymg with different species Both urates and carbon dioxide are 
eliminated through them 

Many granules and crystals occur in the cytoplasm of the cells surrounding 
these Malpighian tubules most of the crystals being uric acid This is 
excreted from the cell in the upper part of the tubules m the form of soluble 
urates, but is precipitated again in the form of uric acid because of the 
absorption of water and base in the lower part of the tube A somewhat 
similar mechanism is found in buds and is a means of consening water 
The type of respiration employed in insects results in the loss of much water, 
hence, anv means for conserving it elsewhere is beneficial to the insect 
The excretion of nitrogenous waste products m the form of uric acid rather 
than urea, is such a means 

UTILIZATION OF EXCRETORY PRODUCTS 
Excretory products are sometimes utilized by animals for various pur 
poses Many of the Protozoa form shells that may be made of calcium 
carbonate, silica or nitrogenous materials The Ponfera form both siliceous 
and chitinous skeletal structures and the corals of the phylum Coelenterata 
ha\e well known skeletons made of calcium carbonate all of which are 
undoubtedly waste materials The exoskeleton of the insects consists of 
chitin, this is a nitrogenous excretory product (page 37) Uric acid is a 
waste material but is used by certain butterflies to give the pure white 
markings on their wings Calcium carbonate is used in the formation of 
shells in oysters and clams The materials that make up the bones, hair, 
and nails of vertebrates were waste products in animals that existed before 
vertebrates were developed 

EXCRETION IN MAMMALS 

Waste products are excreted by the mammal through the lungs, skin, alt 
mentary canal, and kidneys The liver can also be regarded as an excreton 
organ, since it excretes various substances by way of the bile Carbon di 
oxide and water leave the body through the lungs, water and traces of 
nitrogenous wastes via the sweat glands of the skin, undigested and un 



513 


PHYSIOLOGY OF EXCRETION 
absorbed wastes, by way of the alimentary tract and the anus, and both 
endogenous and exogenous excreta other than gases, through the kidneys 

THE MAMMALIAN KIDNEY IN RELATION TO THE URINARY SYSTEM 
Grass Structure 

The importance of the mammalian kidney is evident by the quantity of 
oxygen it consumes The consumption of oxygen by a tissue is proportional 
to the tissue’s activity The kidneys expend considerable energy in per 
forming their work They represent only about one half of one per cent 
of the total body weight but utilize about nine per cent of the oxvgen taken 
in A large part of the kidney consists of reserve tissue , in other words, 
only a part of the kidney tissue functions 
at any given time, the remainder being 
held in “reserve” It is for this reason 
that a person can live with onlv one kid 
ney 

Fishes and amphibians possess a meso- 
nephros, an excretory and osmoregulatory 
organ in which tmy tubules collect fluids 
directly from the bod\ cavitv and also re 
ccivc materials filtering from an adjacent 
blood capillary However the mamma 
han kidney is by far the best known of the 
special excretory structures It mav be re 
ferred to as a metanefihros and fundamcn 
till) is built on the same general plan as 
is the mesonephros, c\ccpt that all wastes 
come from the blood stream Tigurc :S: 
illustrates grossl) the important parts of 
the mammalian unnars svstem inchu mg 
the kidneys 1 wo tubes the ureters, con 
nect the lulus of the hidncs with the tin 
trar) bladder The mine is stored m tiic 

bladder which from tunc to tunc Bilan ^ tt |„ c h carrier 

ulucd to contract so as to ro.d the fluid In 
it to the outside 



FIGURE 281 

Relative position* and »i/« of lid 
„cyi meter* and iinnai) bladder in 
the human bodv 


in its cortical portion l - lcn * 


the nephrons, located 
\fatpizhun hod) (o' 
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renal corpuscle) and a rend tubule which leads away from the Malpighian 
body to a collecting tubule About one to one and a half million of these 
units are present m each kidney, however, they do not all function at the 
same time 

The Malpighian Body or Renal Corpuscle Each Malpighian body meas 
ures approximate!) 200 microns in diameter and is made up of two parts 
the glomerulus which is a tuft of capillaries that fits into Bowman’s capsule 
In its evolution from lower forms the Malpighian bod) was probably 
dey eloped by an invagination of the expanded end of a nephndial tubule into 
which the nearby capillaries passed The cells of the walls of the capsule 
surrounding the capillaries are very thin, as are the capillary walls Thus, 
the excretory contents of the blood m 
the capillaries can readily pass through 
the porous walls into the capsular cav 
it) The capsular wall next to the 
glomerulus is called the visceral layer, 
that to the outside, the parietal layer 
The Renal Tubule Actually Bow 
man's capsule is part of the renal tu 
bule, but because of its close associa 
tion with the glomerulus it is usuall) 
included with it The renal tubule 
his three distinct segments The first 
of these is the proximal convoluted tu 
bule which leads directly from Bow 
man's capsule, is about 55 microns in 
diameter and 14 mm in length Fol 

c . , . . , lowing the proximal tubule is Henle’s 

Section through Lidney to show pos« , . , . f .. . , , 

tion of nephrons loo P ab °ut half of which is verv tnin 

walled It is about 16 mm long and 
consists of a descending limb the loop itself, and an ascending limb 
Most of this structure lies within the renal medulla 
The distal convoluted tubule is a continuation of the ascending limb of 
Henle and is similar to the proximal tubule It is about 5 to 6 mm long and 
leads into the collecting tubule 

Thus the length of a single nephron is about to 1 y, in and it has been 
estimated that if all these units of both kidnc)$ were placed end to end the) 
would stretch over a distance of 30 to 43 miles 
The excretory function of the nephron ends at the collecting tube, which 
is merely a passageway for the urine The smaller collecting tubes unite 
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der Its constituents and their approximate concentrations are given in 
Table 18 


TABLE 18 


The Composition of Human Urine 



Substance 

Daily Output 
(in grams) 


Water 

1200 to 1500 


Urea 

30 0 


Uric aad 

05 


Creatinine 

1 0 


Hippunc acid 

1 0 


Sodium chloride 

r 5 o 


Sulfunc acid 

* 5 


Phosphoric acid 

25 


Ammonia 

0 7 


Potassium 

33 


Magnesium 

0 5 


Calcium 



,n about & g ol dissoh ed ate — ** — 

1S ' arles from tIay t0 a I Treater during laborious muscular work than 

The reaction of the urine pU6o 

normal mixed diet it usti J , i]ccd „hcrcas a carbolijdratc diet 

On a protein diet an ici i (| e bod( h3s a mK!ns which to rid 

produces an alkaline reaction TI 
itself of excess acids or alkalies 

functions of the mammalian kidney 

, , .„ m ,lnn Lidncs Iiavc ahead) been men 

The general functions of the m ^ lldnC) sen cs (,) as an 

tioned, but can be summariz ^ meeting and reabsorbing unicn 
osmoregvlator b\ excreting cx threshold substances when tlicv become 
(“) « an cxcrcton organ forCcr ‘ /„) as 3 means of exacting foreign 

too concentrated in the bloo s ’ 5 ( j jCT arc n0 t tlireshold substances 
mi ter ills of no v due to the 0 ' nnd arC excreted cntirch ), ( d ) a s a 
thev arc not reabsorbed m tn . „ excess acid or base from the 

regulator of icid base equilibrium hr cxcret 
blood 
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GLOMERULAR FILTRATION 

The fitst stage of unne formation occurs in the Malpighian bod) where 
because of the high pressure of the blood within the glomerular capillaries 
a great deal of filtration tabes place The arrangement of the capillanes 
in the Malpighian bods is an ideal one The afferent arteriole as it enters 
the corpuscle loses its muscular coat and diudes into about fift) capillars 
loops thus furnishing a large surface to the blood so that relatively large 
quantities of water and dissohed substances can pass through the thin 
membranes easily These capillaries collect again to form the efferent 
arteriole which is onl\ about one half the diameter of the afferent its area 
is therefore onl\ about one fourth of the latter These arterioles are sen 
important in regulation of blood flow through the glomeruli B) constric- 
tion the\ can decrease the flow or b\ dilation increase it 

EFFECTIVE PRESSURE IN RENAL CORPUSCLE 
The energy for filtration is that earned to the capillan from the s entncular 
contraction This is true for all capillan filtration in the bod\ The 
difference between renal and other bod\ capillanes is the degree of force 
exerted against their walls b\ the blood stream For most capillanes the 
blood pressure is between 2 5 and 30 mm Hg but the capillaries of the hidne) 
because of the almost direct route from the aorta must withstand a blood 
pressure of 7, mm Hg It is found that the substances that filter through 
the renal capillaries are not ahvavs the same as in others For example 
normal 1\ there is no protein filtration 111 the kidney although this occurs 
for proteins of small molecular diameter through capillanes elsewhere in 
the body OnU water and molecules of less than 70 000 molecular weight 
pass through the renal capillaries 

The force of hydrostatic pressure of the blood stream is counteracted b) 
smaller forces or pressures on the capsular side of the membrane These 
arc (1) osmotic pressure of the plasma proteins (especially after losing 
water In filtration) which is equal to approximated 30 mm ligand (2) the 
pressure nhtch accumulates m the tubule and forces the capsular fluid down 
the tubule toward the collecting duct this is not \cr\ great but vanes be- 
tween 10 and 20 mm 11 g 

Ilius the "3 nun pressure of the blood which forces water and its dts 
sober 1 substances into the capsule is counteracted b\ opposite forces equal 
to .p or ,0 mm Ilg that tend to present the passage However since 
there is still an effective pressure of 2 5 to 30 mm, glomerular filtration talcs 
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place at a relatively rapid rate These forces are illustrated in Figure 285 
The volume of glomerular filtrate depends upon the rapidity of blood 
flow and its pressure through the glo 
merular capillaries The total volume 
of the filtrate depends upon this as well 
as upon the number of active glomeruli 
These can be regulated b\ constriction 
or dilation of the arterioles 
About 20 per cent of the blood that 
leaves the heart per unit time passes 
through the renal arterj Since there 
are about 5 liters of blood in the av er 
a ge adult body ( 3 liters of plasma ) and 
since this amount passes through the 
heart ever} minute, the total blood vol 
UlTie will pass through the renal v essels 
e 'cr\ 5 mm I n other words 1000 to 
1200 cc of blood flows through the 
glomerular capillaries cvcrv minute and 
from this approximate!) 125 cc of 
glomerular filtrate is formed No pro 
lc >ns are found m the glomerular filtnte but it contains all the other water 
soluble constituents of the phsim in the same concentrations as thes occur 
ln the plasma 



Dagram of the renal corpuscle il 
lustrating tl c effective press ire from 
capillar) to tub ilc as compirctl with 
cap Han osmotic ind tub ilc pres 


FACTORS AFFECTING FILTRATION 
Tlicre arc several factors tint maj increase or decrease filtration rate 
, 1 nitration pressure is one of the chief factors Hus M Chirac 
! >Ccausc of an increase or decrease in blood pressure o t ic rena 
Ior ^mple, severe hvpotcns.on such as is found m shocl «!> c 
"'tohe pressure mar read, a loss of 70 run, Hg the hrdrostate pr«sure.n 
,c Blomcnilus is not great enough to overcome the conn cr p 
“■“■‘"on of amma (no urine) exists h, ere, red ..rare flo " 
fr0rn an increase in blood pressure— for example during 
^crcisc r-j 

= Uni state of the renal arterioles is a helm ",c in the 

Crcnt arteriole rmv constrict and in doing s . n » e Tins 

“plHancs of the glontcnilus vrluch of course results in a g 
Q " twee, in livpntcmion so that on.nl urine fonmhon can go 
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3 Damage to the glomerular membrane, as sometimes happens in renal 
disease, will exclude the glomeruli as filtration units There will be less 
urine formation and blood and plasma proteins may pass through the 
damaged capillaries to appear in the urine This happens in glomerulone 
phntis and in eclampsia or toxemia of pregnanq 

CHARACTERISTICS AND FUNCTIONS OF THE RENAL TUBULES 
The structure of the renal tubules and their union with Bowman’s capsule 
has been discussed (page 514) The glomerular filtrate which is similar 
to blood plasma but without its proteins after leaving Bowman s capsule 
passes through the three segments of the renal tubule to the collecting duct 
This filtrate is extracellular fluid Altogether, there are only 10 to 15 liters 
of extracellular fluid (blood plasma and tissue fluid), compared with 40 or 
50 liters of intracellular fluid (within cells) Obviously if 125 cc of the 
extracellular fluid are formed every minute as stated above, and nothing is 
prouded for its retention and reabsorption in the hidne\, all of the extra 
cellular fluid w ould be lost within a very short time However, this does not 
happen since there is a mechanism in the tubules by means of which water 
glucose salts and other substances needed b) the body, are reabsorbed Of 
the 125 cc of filtrate produced all but about 1 per cent (a little over 1 cc ) 
is reabsorbed bj the cells of the tubule wall That reabsorption into the 
blood actually occurs is also suggested by the manner in which the efferent 
arteriole breaks up into capillaries which become closely associated with the 

tubules The so-called essential substances can then pass from the tubular 

wall into these capillaries 


TUBULAR REABSORPTION 

Reabsorption is the outstanding function of the renal tubule There arc 
man) nonthreshold substances such as creatinine, that normally are not re 
absorbed b\ the kidnc> but are entirel) excreted 
Some of these substances are onh parti) reabsorbed most of them such 
as urea uric acid sodium chloride, and sodium bicarbonate, are excreted in 
fairly high concentrations Hie substances of high threshold are normally 
entireh reabsorbed unless the amount exceeds the threshold Glucose re 
absorption is the classical example of this t)pc 

REABSORPTION AND EXCRETION OF GLUCOSE 
The return of glucose to the blood \n tubule cells is an example of the 
manner in which a substance important to \ital processes of the bod) ma> 
be retained b\ reabsorption through the tubule wall The normal glucose 
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content of the blood is approximately 100 mg per 100 cc of blood (100 mg 
per cent) which means that in the 125 cc of glomerular filtrate delnered 
every minute, there are probably 125 mg of glucose In the normal in 
diudual, all of this is returned to the blood stream It is eudenth accom 
phshed at least partly, bv cnz}matic action which aids in the union of 
glucose with phosphate m the tubule cells In this form (the phosphate 
ester of glucose) it passes through the cell membrane into the cytoplasm to 
the opposite side of the cell where the glucose and phosphate separate The 
glucose then passes into the capillary 

If glucose increases in concentration in the blood stream the same unit 
increase appears in the filtrate Tins is all reabsorbed b\ the cells of the 
proximal comoluted tubule as long as the concentration docs not exceed 1 50 
to 180 mg per 100 cc If the filtrate concentration is greater than this then 
the excess glucose appears in the urine The tubules cannot reabsorb it 
The appearance of glucose in the urine is called yl) cosurui Hyperglycemia 
K an mcrease in the glucose concentration of the blood 

WATER REABSORPTION 

This IS a \ery interesting part of the cxcretor) process \\ atcr is cu 
dentK reabsorbed to some extent in the proximal tubule Ilcnlcs loop and 
‘he distal tubule 



°nU glucose, bn. sodnm, and -ho HW ^"b- 't- 
^ ui the proximal tubule some w iter gom*. 11 
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the filtrate passing into the thin segment is low in concentration compared 
to the original that is the fluid is hspotomc as it flows into Hcnlcs loop 
It is evident then that water passes through the walls of the tubule at this 
point in order to adjust the osmotic pressure to the surrounding interstitial 
fluid Tins is sometimes referred to as obligatory reabsorption The \ol 
umc of fluid passing into the distal tubule is about 20 cc compared with 125 
cc per minute in the proximal All but about 1 cc of this is reabsorbed in 
the distal tubule A so-called facilitate c reabsorption tabes place in 
these tubules being regulated according to the bod\ s need Tins is an 
active reabsorption process (that is work is done) dependent upon a hor 
mono produced m the posterior pitmtara B\ actuation w ith this hormone 
the cells in the tubular wall arc able to reabsorb large quantities of water and 
lca\ea highh concentrated solution (urine) behind Sometimes the pitui 
tan bod\ docs not function property and the hormone is not produced in 
sufficient quantities to initiate reabsorption Under these conditions ver) 
little water is absorbed b\ the distal tubule and a large quantity of urine 
with low specific grasits is produced sometimes 15 to 20 liters per dw 
with a specific griuts of 1 coi is compared to the normal 1 015 Tins 
condition is known js di tbclcs insipidus 

TUBULAR SECRETION 

In the mammalian hidnc\ there is no proof that am normal blood 
constituents arc secreted In the tubule cells into the glomcnilar filtrate as it 
passes through the lumen of the tubule However these cells have sccrc 
ton powers m that glucose and such substances arc secreted from them back 
into the blood stream secretion can t ike place m either direction 

Some fish have no glomeruli set their mine is practical!) the same as 
that of organisms ssith glomeruli 1 he onls manner in which this could 
happen is b\ scciction In these fish the tubule cells secrete the cxcrcton 
materials into the lumen of the tubule 

Dves such is phenol ted lie secreted In tubule cells and csidcnth 
penicillin is exacted ripidls from the bods in this was 
It is csident therefore that the mammahm kidncs has the power to 
secrete but scans to have lost this powa for normal exactors constituents 

DIURESIS 

Am increase in unite flow alxnc the normal is called dnmsts ami am 
substance that causes tins macasc is a diuntic Gcncralls d uresis can be 
p od iced m two wavs (1) b\ dcacasmg tbc rcsbvorptnc ahihls of the 
tub ibr cells and {2) In maasing the filtratun rate 
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A decrease in reabsorption is produced by such diuretics as sodium sulfate, 
urea, ammonium salts, and saljrgan (a mercurial compound) 

Filtration rate may be increased m several wajs ( 1 ) The filtering surface, 
itself, may be enlarged bj an increase m the number of active glomeruli 
This is accomplished by dilation of those afferent arterioles of the glomerulus 
which have been closed, for it is doubtful that, normallj during life all 
glomeruli are ever open at the same time (2) nitration rate will increase 
ff the blood pressure rises in the renal capillaries, no matter what the cause 
(3) A decrease m the protein content of the blood will reduce the osmotic 
pressure and thus, the hjdrostatic pressure has a greater effect producing 
more filtrate 

Caffeine and theobromine (a constituent of cocoa) appear to evert their 
diuretic action mainl) bj causing vasodilation in the blood vessels and 
tance increasing the filtration rate 

Ingestion of large quantities of water or alcohol will increase urinarv out 
P U I The extra water is thrown off within a few hours and most of it within 
h'O hours There is no evident diuresis until 30 to 60 min after dnnhim* 
water 


MICTURITION OR URINATION 

Although the act of voiding urine is reflex in nature, it is controlled to 1 
cc ftam extent bj the will It can be initiated or it can be interrupted or 
"dbhcld, In vohmtan action A desire to urinate nonnalh appears when 
" lc bladder contains from aoo to 300 cc of unne It "ill bold as much as 
500 CC 


Tbc unne of flic bladder Iras the same composition as the fluid of the 
“bating tubules of the Indues Horn these tubules it passes into the pclra 

0 the hldncj and drams into the ureter, which carries it to t ic a cr 
Ureters accomplish this bv means of peristaltic wives tint ippcar a 
° per minute . f .■ e 

The bladder and sphincter muscle arc under contro o 
autonomic nersous system Ssmpathctic fibers '"hi it con rJC I ; 

end constrict the sphincter separating the bladder from the me *« 
firing micturition parasympathetic fillers cause an increase in 
bladder musculature and legation of the sphincter nmscle ' “'untan 
also aids micturition Ibis consists mau.h of « 
abdominal muscles while holding the diaphragm in a c< < ^ 

Hie abdominal contents from being forced upwu.d 
us clcs bring pressure to bcir on the jbdoimml v . 
apmst the bladder, forcing the contents out tlirougl. the men 
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Micturition is purely a reflex action m infants Higher centers have no 
control over micturition until the child is about one and a half or more years 
of age Sometimes m the adult certain diseases or injuries (such as cutting 
the spinal cord) may bring about isolation of the bladder from the control 
of higher centers Urination then reverts to a pure reflex and voiding of 
urine occurs even though the sensation has not been felt 
Today one of the first things a physician does when examining a patient 
is to analyze his urine By doing so he may find a clue to some abnormal 
condition in the patient Perhaps the first to make use of urinalysis was 
Richard Bright an Englishman who in 1829 discovered that certain patients 
with dropsy had a substance in their urine that coagulated like egg white 
when it was boiled This condition is Still commonly referred to as Bright s 
disease The coagulated material is serum albumen \\ hicli normally does 
not appear m unne but in nephritis because of injury to the nephrons 
it passes through the glomerular membranes along with other blood con 
stituents 


ADDITIONAL READING 

Prosser C L Comparative Animal Physiology (Saunders 1950) ch 7 Means 
of n trogen excretion by vertebrates and merfebrates 
Smith H W The Kidney Structure and Function in Health and Disease (New 
York Oxford University Press 1951) Detailed accounts of human 
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Hormones and the Endocrine Glands 


PRODUCTION OF HORMONES IN PLANTS 

Hormonds tic elicmicil coordinator, 

are produced b\ cells or organisms in vvlncli 1 

functions i, out particular action is 

Tlic amount of hormone ncccss m to » 
in most eases almost infinitesimal h d re 

Plants need certain liormones for coord m ted ^ aetn.t, » ^ a 

spouses of various sorts A '’^dentes the elongation of the 

produced m the tips of ccrt ’in pli" 1lKm m ph , tohomiones are 

plant Tins is not the onh local mammalian urine are also 

produced buds root tips leaves green algae ami ma 

good sources structures by the action of auxin 

During elongation of plants or plant structure > 

cell division is not necessarily "ivo ve m 

instead there is a lengthening o 

themselves as though the\ were 1 e ° A // 

on more water (there are other , // 

that function in cell division) V1 H 

tins hormone is produced more rapidly ^ 

the cells on the shaded portions of ^ P , ht /JtW 

vvhere they are protected gggj 

rajs It is in this manner tn V 

abled to turn toward the sun W|l I. la 


PRODUCTION OF HORMONES IN 
Apparently many ^ 

produce hormones “-"^hy vertebrate 

tion to some of those P r0 . acetvlcho Tile plant bends to vard the sun 
animals examples are attre.’al. because more a.,™. .. produced 

1 j > rl |c nroducmg substance on the shaded s de causing the 

line and es P 0 f so me of the in re u s t0 e ] 0I1 g a te 

least injection of extr sim itar to those 
vertebrates leads to a et .] c hohne and so forth 
produced by adrena in 
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It has been demonstrated that there is within the cells of some protozoan 
species a natural mechanism regulating growth and producing a hormone 
hhe substance which in low concentration accelerates growth and reproduc 
tion In high concentration the same hormone may retard and inhibit 
growth in protozoans It is likely that the size of cell populations is regu 
lated in this manner 

Metamorphosis and molting or eedysis (page 37), of insects are con 
trolled b\ hormones produced by special bodies or glands located near t le 
brain or anterior ganglion 

Color changes in animals are brought about by hormone action, the man 
ner in which this is accomplished varying in different forms In certain 
Crustacea (for example, the shrimp), a definite gland, the sinus gland, is 
present endocrine m its action and comparable to endocrine structures of 
higher animals This gland is situated on the ventral and slightly lateral 
side of the eycstalk It has been shown that there is a connection existing 
between the eyes and color changes m these organisms The changes, defi 
mtcli due to hormonal and not ner\ous action, are accomplished rapidlv 
Tins can be demonstrated by injecting blood from a crustacean which has 
turned dark m the absence of light, into another which is light adapted 
thereby causing the second organism to turn dark 

PRODUCTION OF HORMONES IN VERTEBRATES 
The hormones most common to us are those produced by the endocrine 
glands An endocrine gland is a ductless gland which secretes its substance 



FIGURE 288 

Banc structure of an endocrine gland A and an exoenne gland B 
Arrow* show direction of secretion 

dirccth into the blood stream, thus ensuring its distribution to all parts of 
{he bodv An etoerme gland secretes its substance into ducts which col 
lect it and cam it to some other part of the Ixnh For example, the salivary 
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glands are exocrine and pour their fluids into the ducts which lead to the 
mouth 

The study of the structures and the secretions of the ductless glands along 
with the effects of their secretions on organ and animal behauor constitutes 
the subject of endocrinology Tins field has now become so extensive that 
only a few of the more important facts concerning these glands can be 
presented here 

The endocrine glands receive food materials and oxvgen and get rid of 
their wastes in the same manner as other bodv tissues using some of these 
materials to manufacture their hormones These are then secreted directlj 
into the capillaries surrounding the glandular tissue there being no ducts 
into which the secretions can pass Thus an 
experienced observer mav judge a gland to be 
an endocrine structure if it has secretorv cells 
but no ducts The pancreas for example 
was hnown to be an endocrine structure for 
many jears before insulin was discovered 

The usual means of testing a glandular 
structure for endocrine action is ( 1 ) to re 
move the organ from an animal and note the 
effects if an), on bodilv function and (2) 
if such disturbances occur to attempt to 
counteract them by injecting extracts of the 
suspected endocrine gland If definite de 
ficiency symptoms follow the removal of the 
gland and if the bod) functions are restored 
to normal by administering suitable extracts 
it ma) be called an endocrine gland 

Certain generalizations ma) be made con 
cermng the action of endocrine secretions 
(except for the thyroid and parathyroid) 

(r) the) pass from the blood vessels into the 
tissue cells rather rapidl) and (2) they are 
readil) destro)ed in the blood stream If 

they did not pass rapidl} into tissue cells the c° '""° n cnd “"" c 8 ,and ’ 
response would be too slow and if the) were 
not destro)ed readil) the response would be too prolonged 

The important endoenne structures m vertebrates are (1) those of the 
mucosa of the gostro.ntest.nal tract (a) the thvro.d (3) the paratlmo.ds 
(4) the lobes of the hvpoplusis or pituitan bod. (;) the tin mus (6) the 



FIGURE 289 
ate locations of the 
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pineal body, (7) the adrenals (medulla and cortex), (8) the islet tissue of 
the pancreas, and (9) the gonads (testes and ovaries) 

THE HORMONES OF THE GASTROINTESTINAL MUCOSA 
The presence of proteins m the stomach seems to stimulate the secretion 
of gastrin a hormone produced m the nails of the stomach The hormone 
is carried by the blood stream through a complete circuit and on its return 
to the stomach it stimulates the gastric digestive glands to greater secretion 
of pepsin and h\drochlonc acid 

Secretin is a hormone produced b) glandular cells in the vails of the 
duodenum The presence of acid in the stomach contents flowing into 
the duodenum is c\ identh the chief factor in liberation of secretin It then 
passes into the blood stream b) means of which it is carried to the pancreas 
where it excites the exocrine part of the gland to produce more pancreatic 
juice containing enzvmes Secretin is also belie\ed to stimulate the gall 
bladder to contract and possibh to so affect the intestinal glands that more 
intestinal juice is produced and poured into the intestinal lumen The gall 
bladder houe\er is stimulated clueflv b) another hormone of the mucosa 
cholecystoktmn 


THE THYROID GLAND 

The thvroid gland in man a bilobed structure the lobes of which are con 
ncctcdb\ an isthmus weighs approximately 25 g It lies ventral in relation 
to the trachea immediately below the larynx and is abundantly supplied 
with a network of blood vessels — an indication of the comparativelv large 
quantities of blood that flow through it 

As far as is known no special organ m the invertebrates resembles the 
thyroid gland in development or structure In the tumcatcs a pharyngeal 
groove the endosty/c, has been called the forerunner of the thyroid gland 
of the higher vertebrates However this relationship appears to be an 
anatomical one since extracts of cndostvlc tissue possess no thvroid ac 
tivitv 

Hie functional units of the thyroid arc the follicles composed of a 
lining of cuboidal epithelial cells surrounding a central mass of colloidal 
material The colloid a rather viscous protein secreted by the epithelial 
cells combines with iodine to produce the hormone During periods of 
secretion the colloid passes from the follicle and the epithelial cells become 
elongated 

Thvroid secretion plavs an important role m metabolism as well as m 




FIGURE 290 

The thyroid and parathyroid glands Left front new of the thyroid gland 
right rear view showing the location of the parathyroids 


development An increase m hormone concentration causes metabolic 
processes also to increase which is essential for proper development These 


functions are very well illustrated b> 
development in the frog Tins am 
nial has a thyroid gland on each ex 
ternal jugular \ ein, the glands are red 
m color because of the large number 
of blood vessels running through 
them The hormone is essential for 
metamorphosis from tadpole stage 
to the adult frog If the thvroids 
are re mo\ ed from the tadpole it does 
not metamorphose but continues to 
grow, eventually becoming giant hhe 
m size On the other hand, if \ oung 
tadpoles are gi\en excessne quanti 
tics of thy roid gland or extract, they 
pass rapidly from the tadpole to the 
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Microscopic MCW of the spherical follicles 
of the thuoid gland 

frog stage- - so rapidh, in fact, that 
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they do not have time to grow in size but remain tiny frogs often no larger 
than houseflies. 

DEFICIENCY OF THYROID SECRETION (HYPOTHYROIDISM) 

In man, thyroid deficiency symptoms depend upon the age of the in- 
dividual. Occasionally, in infants and young children a condition known 
as cretinism makes its appearance. Cretinism is a congenital deficiency, 
usually due to poor development of the 
gland during fetal life. The condition is 
characterized by retarded growth and poor 
bone development, slow heart rate, low 
basal metabolism (hypothyroidism), sub- 
normal intelligence, marked obesity, and 
a noticeable flabbiness of the tissues. 

Remarkable changes can occur in cretins 
if thyroid treatment is started early 
enough. Usually, ground dried sheep thy- 
roids, in the form of pills, are used for oral 
treatment. A cretin may soon show 
mental alertness and normal development; 
this normal condition may be maintained 
throughout life by continued, proper ad- 
ministration of thyroid. If treatment 
should cease, the original symptoms will 
return (except that stature does not retro- 
grade to that of childhood) . 

In adults, symptoms comparable to 
those of cretinism sometimes make their 
appearance if there is an insufficiency 
of thyroid secretion. The condition is 
known as myxedema. The person has, of 
course, grown to his fullest extent and has 
developed properly so that the deficiency 
does not change these particular characteristics. In other words, growth 
defects are not apparent. The symptoms are: pnfEness or edema, especially 
about the face and hands, low basal metabolic rate, and a depressed mental 
state. These symptoms disappear upon feeding thyroid. 

Another abnormality, due to a deficiency within the gland itself, is simple 
or colloid goiter. This condition generally appears in regions having an 
unusually low iodine content in the soil and water, and is characterized by 
swelling of the thyroid Tire enlargement is caused by the distention of 
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Cretinism Tins patient was forty- 
two years of age with an I Q of 
twelve (Prom Grcisheimer, Anat- 
om)- and Physiology, by permission 
of f. B Lippmcott Co ) 
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FIGURE 293 

Simple goiter (From Selje Textbook of Endocnnolog) Second Ed tion by 
permission of Acta Endocr nolog ca Inc ) 

the follicles with colloid the lining cells becoming stretched and flattened 
The gland seems to attempt vainly to make up for low iodine content bj 
forming more colloid but actually the material has no further supply of 
iodine upon which to draw Adding traces of iodides to drinking water or 
fixing them with table salt has greatly alleviated the condition of goiter m 
the Great Lakes area of the United States as well as other parts of the world 
W'here there is a low iodine content m the soil Because of the presence of 
iodine in sea water and seaweeds it is found that marine fish and other sea 
animals have comparativelj high concentrations of iodine in their tissues 
Those persons hung near the seashore therefore seldom experience the 
results of a deficiencv of this element 
Within the gland a substance called thyroxine is produced It was 
tithesized m 1927 and has the following formula 
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As thyroxine is formed in the gland it is combined with a P* ofc ‘ n 
(globulin) and ,s stored in the colloid of the follicles as tlmoglolmhn 
Under certain conditions the tlirrosme .s released from tins combination 
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thyroglobuhn is the form appearing in the gland 


HYPERTHYROIDISM EXOPHTHALMIC GOITER 
Hyperthyroidism is caused by an excess of thyroid hormone m the blood 
In individuals suffering from this condition, the metabolic rate is ^ 
nervous disorders are very apparent, and there is an accelerat 

In some types of hr perth) roidism there is a characteristic bulging of the 
eyeballs a condition referred to as exophthalmic goiter or Graves diseas 
Sometimes the gland enlarges but the enlargement is entirely different r 
that of simple goiter being due to hyperplasia The disease is often 
if not cheched in time this is accomplished by partial removal of the g an 
proper or by tying off some of the blood vessels leading to the gland 
tain drugs such as thiourea and thiouracil, are used to depress thyroid tunc 
tion They do not prevent thyroid hormone already present in the bo v 
from exerting its effect, but, instead inhibit further thyroxine formation 
Their usefulness in treatment of hyperthyroidism rests in the ability o 
regulate dosage to the indiv idual s needs, thus in many cases, surgery is 
avoided Generally, the administration of thiouracil is only a means ot 
treatment, and not a cure for hyperthyroidism 
However, there have been reported instances o 
continued normal thyroid function after discon 
tmuation of drug administration 

Some control over the thyroid gland is ex 
erted by the anterior pituitarj secretion vine i 
contains a thjrotropluc factor Tins factor 
stimulates the undeveloped gland to norma 
development the response is a li)perpUsia or 
increase in cell number There maj also be a 
coordinated action betw een the thyroid and the 
adrenal glands 1 hcv seem to he antagonistic, 
for when the adrenals arc removed, thjroid ac 
tivitj is increased 
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FxophUnlmic goiter (hyper 
thjroKlum) (Prom Sche 
Text book o/ Erufocmiofogs 
Second I dition hj pemus 
sion of Acta 1 ndocnnologica 
Inc ) 


THE PARATHYROID GLANDS 
The pirathjroid ghnds arc not found in am 
mals below the Amphibia, tint is, thej appeal 
onlv in vertebrates leading a terrestrial life 
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winch suggests that the hormone mav function in salt retention (especially 
calcium salts) withm the bod) During skeletal development in the higher 
forms there is a much greater need for minerals The parathyroid gland 
mav furnish a meins for rapid alteration of mineral balances — absorption and 
deposition — during penods of rapid growth Such radical changes do not 
normall) exist m invertebrates 

In man, usuall) two pairs of parathyroids are embedded in the dorsal part 
of the thjroid gland although there have been as man) as twelve pairs 
described Occasionally accessory parathyroids may be found an) where 
from the neck region to deeply w ithm the thoracic cav itv 

The parathyroids are ovil or bean shaped and the two pairs weigh about 
° 5 grams Their secretion is referred to as parathormone or parathyrin 
The true nature of the substance is not known since it lias nev er been isolated 
*n pure form but it is thought to be a protein since it is destroyed b) the 
proteolytic enzymes of the gastrointestinal tract it therefore cannot be 
administered orally 

Hypoparathyroidism (or deficiency of parathyroid) sometimes develops as 
a result of pathological degeneration of the gland but in most cases it has 
been due to inadvertent removal of the parathyroids during thyroidectomy 
The true action of parathormone is still rather obscure but its deficiency 
results in a lower blood calcium and an increased excretion of calcium by 
way of urine and feces Tins would suggest an all important function m 
calcium balance The content of this ion in the blood of a person suffering 
from hypoparathyroidism is reduced within a day or two from an approxi 
mate normal value of 10 mg per ioo cc of blood to 7 mg Muscle spasms 
01 tetany soon make their appearance and the animal loses control of its 
muscles When the value is lowered to 5 mg of calcium per 100 cc death 
usually results 

Sometimes in children symptoms of parathyroid deficiency make their 
appearance as so called infantile tetany or children s fits at the same time 
defective bone growth and poor calcification of teeth are noted 

In experimental animals m which tetany lias appeared as a result of para 
thyroidectomy injection of calcium salts will cause an immediate cessation 
of the spasms The effects of injecting the hormone may be so slow 
that the animal usually dies but if it is administered along with calcium it 
"dl prolong life Injection of parathormone into a nonm! animal causes 
an increase in the calcium lev el of the blood (hypercalcemia) and an increase 
In Phosphorus excretion with a consequent decrease in scrum phosphorus 

concentration 

The action of the parathormone is in some wavs similar to the action of 
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vitamin D One of the outstanding similarities is the increase in calcium 
content of the blood This may be owing to increased absorption from the 
intestine in normal or high vitamin D concentration, whereas m high con 
centrations of the hormone, calcium is drawn from the bones There is 
also some evidence to show that vitamin D is essential to normal parathyroid 
action or secretion 

Some times tumors form on the parathyroids and cause oversecretion 
which is evident by the appearance of the symptoms produced by hyper 
parathyroidism It is dangerous to raise the blood calcium level above 12 
mg per 100 cc 

THE HYPOPHYSIS OR PITUITARY GLAND 
The hypophysis or pituitary gland, is situated at the base of the brain 
It is about the size of a pea, weighs approximately o 5 g and is attached to 
the brain by means of a stalk called the infundibulum It rests m a depres 
sion of the sphenoid bone called the sella turcica 
Two main portions of the pituitary are easily identified the anterior and 


FIGURE 295 

The relatnc positions of the pituitary 
(hypoph)sis) and pineal bodies 

the posterior lobes The anterior lobe dcsclops in the embryo from an in 
vagmahon of the buccal caut\ and is sometimes called the pars glandularis 
The posterior lobe which dcsclops from a finger like projection arising 
from the third \cntnclc of the brain, is frequently referred to as the pars 
nenosa Other structures arc also present such as the pars intermedia and 
the pars tnberahs tlie functions of winch arc not cntirch clear 
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The pituitary bodj sagittal section 
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Removal of the hypophysis is very difficult and the results of earlier work 
on this gland were rather confusing because of infury to the neighboring 
brain tissue However, with prac 
ticeand care, it can be removed with 
out the immediate death of the am 
mal Such an operation demon 
strates the remarkable influence the 
pituitary gland has upon other endo 
crine structures in the body 

THE ANTERIOR LOBE 
The exact number of hormones 
produced by the anterior lobe is not 
known Only a few of them have 
been isolated these being the soma 
totrophic, adrenotrophic, lactogenic, 
luteinizing, follicle stimulating and thyrotroplnc hormones Of these, the 
first four have been prepared in pure, or nearly pure, form Other factors 
have been proposed but it is likely that some of the hormones produced b) 
the anterior lobe hav e more than a single action 
T/ie growth promoting factor ( somatotroplun ) was not recognized as 
a specific substance for some time However, its isolation in pure form has 
led to studies proving that the material is stimulator) to somatic growth in 
general and especially in the areas of growth m the bones (cpiplnsis) 
Tims, if too much of the hormone is produced in children or if it is given 
m too great amounts to young animals, excessive growth occurs, the normal 
k°dv proportions being generally maintained however Hus condition is 
r cfcrrcd to as gigantism 

On the other hand if the anterior lobe is hvpofwictional in the produc- 
hon of somatotroplun dwarfism results, in which case normal growth is 
inhibited to the extent that the mature individual is of cxtrcmclv small 
stature, but of normal bodv proportions (Ogiuc =97) thc P ,tmtan 

dwnrf is rcadilv differentiated from the cretin dwarf 
Too great a secretion in adults leads to a condition known as acromegaly 
Hm case, since onlv certain areas of bone arc still capable of growth bv 
enlargement, thc increase in size is disproportionate enlargements are seen 
especialK of the jaw, nose, hands, and feet Ilvpoftmction m adults 
eanscs cachexia or Stmmond s Disease in which there is a general emaciation 
a l°ng with mam other irregularities and malfunctions . 

1 ofhe/r stimulating hormone (fSH) * the tlimc 5 ,vcn t0 thc f ' C,0r 
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I x-imp1cv of gigintism and dwarfism caused bv os cractiwh and undcracti'it) rcspcc 
livcK of the anterior lobe of tbc pitiufnrv Captain Gulliver is over eight feet tall 
wink M qor Mite is onlv three feet tall (B\ permission of kev stone llliistntmg Scr 


gcncralh associated wills the stimulation of the immature follicles of the 
on ties to effect the development of mature ova Sexual prccocits can be 
established casih m voung immature female mice or rats upon injection of 
this material Such females ma\ mate when onlv fifteen davs old Results 
with male mice arc not so striding although injection into males whose 
genitalia have atrophied {because of removal of the pitmtan) will restore 
the organs to normal condition after which spermatogenesis occurs and 
norm il litters mav be sired 

Lnftmrrmg hormone (I !/). another fictor produced In the anterior 
pituitarv evidenth influences ovulation and production of one of the sex 
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hormones within a portion of the o\an It had been proposed that probabh 
a separate factor was responsible for stimulation of the production of male 
sex hormones in the testes Since this would imolve a stimulation of the 
interstitial cells of the testes which endenth produce the male sex hor 
mones the material was called ICSH (interstitial-cell stimulating hormone) 
Ho\\e\er more recenth it has been generalh accepted that probabh LH 
satisfies the function of the proposed ICSH in the male, and that thes mai 
be one and the same thing both are commonh called LH 
The lactogenic hormone or prolactin causes secretion of milk in t ic 
manmiarj gland It has no effect upon breast dev elopmcnt tins must occur 

before the prolactin can act The female sex hormones cstradwl and 
progesterone induce grow th and development of the breast Progesterone 
=lso inhibits the action of the lactogenic hormone, the inhibition not being 
removed until the end of pregnancy when the progesterone conccn ra it n i 
reduced cons.den.blj At that time large amounts of prol.etm find he 

'«) into the breast and milk secretion is induced LH 1 

hav e been referred to colleetnclv as the gonadotrophic hor, non« rurtha 
discussion concerning the effects of these materials wall he presented ... 

s":r; 

tire tin raid hormones as well as hvperplasra (an merc.se m ecll number) 

°f the thvToid gland CU11C5 hcpcrplasia of the 

1 he adrenocorticotrophic „„„ of the cortical liomioncs 

oortex of the adrenal gland and a great ^ 0 ( \CIII and the adrcml 

An interesting coordination exists in tli p ^ rcs „), mg mluh.tion of 

Mrtot hormones the adrenal cortex ^ ^ pIodlIC(d smaller 

ACTI I production However i thus effecting i stiinulihon 

amounts ACTII , s produced ... greater amounts • B 

functional m 

°f the ndrcnal cortex idcutH a si 
-i .1 1-1...1,,, nml tlivrotropluc honnolic 
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factor, increasing fat metabolism, has also been proposed The possible 
actions of other hctozs—parathyrotrophic, adrenomedullotrophic, and 
thymotrophtc hormones — are evident from the names It is difficult to saj 
that these materials actually exist In many cases, the actions have been 
attributed to combinations of known anterior lobe hormones and to the 
influences of factors produced bj the adrenal cortex upon stimulation by 
AGTH 


THE POSTERIOR LOBE 

The secretion of the posterior lobe contains several hormones, all present 
in the extract of the gland which is called pituitrin If the latter is injected 
into a mammal, the following effects maj be observed 
1 An antidiuretic effect thought to be due to stimulation of the renal 
tubules so that thev reabsorb more water and thus inhibit diuresis Nor 
mall), then, this principle is concerned with the wafer balance of the bod) 

If there is a deficiency in secretion of the antidiuretic hormone, a con 
dition known as diabetes insipidus makes its appearance This is cliarac 
tenzed b) the excretion of large amounts of urine with a \ ery low specific 
graut), 10 to 30 liters of urine maj be excreted per day (polvuna) with a 
consequent incessant thirst and frequent water intake The concentration 
of waste materials is \cr) low in such urine If pituitrin is injected into 
a person suffering from this condition, it diminishes the great water loss 
through the kidness b) increased tubule cell absorption Under normal 
conditions, during periods when water is withheld, there is an increase in the 
secretion of the antidiuretic principle which aids in the corners ation of 
water 

2 A vasopressor effect b) waj of constriction of the arterioles The 
factor vasopressin or ptlressin acts upon smooth muscle, causing it to con 
tract Tins contraction of the smooth muscles of the arterioles brings about 
a rise in blood pressure it also stimulates the smooth muscle of the gastro 
intestinal tract, the urinar) bladder, and other organs Tins factor usualh 
possesses an antidiuretic effect as well, which has led to the proposal bv 
some that vasopressin and the antidiuretic factor arc one and the same 

3 An ox)toerc effect produced bv the hormone oxytocin or pitoctn 
11ns factor stimulates the smooth muscles of the uterus, under normal 
conditions, cudcntl) having its effect during childbirth Until that time, 
the uterus is not so sensitive to its action that is, during that period when 
progesterone is secreted in large quantities (the corpus luteutn phase) (page 
5<M) 

Oxvtocm (contained in pituitrin) is sometimes used during labor or even 
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to induce labor. An excessive dose given injudiciously may cause such 
violent contractions that the uterus may rupture or the fetus be injured or 
killed; with proper dosage, however, it is safe. 
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THE THYMUS 

During youth the thymus is a rather large gland surrounding the lower 
end of the trachea near the heart It increases in size up to puberty, but 
normally tends to disappear after sexual maturity It weighs about 15 g 
at birth and contains much nucleoprotein No conclusive evidence exists 
as to its true function, it is classed as an endocrine gland only because of 
its morphology 

Some investigators have suggested that it may be associated with body 
development up to the time of puberty, especially since it disappears at this 
period Also, the fact that it contains so much nucleoprotein, has brought 
forth the suggestion that perhaps this material is used for early growth It 
has been shown, however, that some animal species may grow and develop 
although deprived of their thymus glands 

Interesting results were obtained some fifteen or twenty years ago, when 
it was found that mtrapentoneal injections of thymus extracts in female 
white rats over several successive generations had a decisive effect on the 
maturity of the young rats Normally, the rat is born without hair or teeth, 
and the eyes are not opened until the fourteenth day However, m each 
successive generation of rats injected with thymus extract, a progressive 
increase was noted in the development of the newly born rats, until, at the 
end of the fifth generation, they were born with hair and teeth, and their 
eyes opened on the first dav These results have not been confirmed, how 
ever, and until they are, or until other results and interpretations are forth 
coming, our knowledge as to the true function of the thymus must remain 
m the theoretical stage 


THE PINEAL BODY 

The glandhhc organ, known as the pineal body, is about 10 mm long 
in man and lies in the groove between the superior colliculi, immedi 
atcly beneath the corpus callosum (Figure 29;, page 535) As was true 
for the thymus, the only reason for discussing this structure here is 
542 
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that morphologically it resembles an endocrine gland physiologically no 
known function exists 

Some phjsiologists have claimed that in children destruction of, or loss 
of function of this gland by tumor growth maj result dev elopmentalh in 
mental and sexual precocity However the results are too meager and 
conflicting as )et to draw any definite conclusions concerning its functions 

THE PANCREAS 

The pancreas is a long narrow gland which lies in the upper abdominal 
cavity behind the stomach from the spleen to the curvature of the duo- 
denum Ducts from its various lobules made up of cnzvmc secreting cells 
unite to form the mam duct ( duct of Wirsung) vv Inch ends m the duodenum 
at an opening common to it and the bile duct These structures make up 
the exocrine part of the gland A stained section of the pancreas examined 


FIGURE 293 

Section of pancreas sho sing islet 
of Langcdiam (caplhncs not 
sho sn) 

microscopicillv shows, scattered among the lobules of the gland isohlcd 
clusters of cells that fail to stun in the sime nnimer is the others These 
“lied the islands (or islets) of Uin^rham uc the endocrine pirts of the 
Blind secreting utsulm I he islets uc most ibumhnt in the till of the 
pancreas but altogether thev make up onlv three per tent of the wxight 
of ‘he whole gland Hie islets arc more concentrated pet gram of tissue 
,n H ,c pancreas of children than in tint of idults 
Numerous arterioles and capillaries surround each of the islets through 
‘he walls of which the hormone passes into the blood strcun 

Sufar 

S »>CC blood sugar is so closch associated with mmlm p oductioi and 
Action it is ucccssarv to consider the source of the glucose m the hi 
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The concentration of glucose in the blood stream remains fairly constant 
except after a carbohydrate meal when it increases considerably especially 
in the portal vein leading to the liver In the blood of the hepatic vein 
and other vessels of the body there is usually about o 09 to o 10 per cent 
glucose (90 to 100 mg per 100 cc of blood) 

The liver can store glucose in the form of glycogen (up to 10 per cent of 
its weight) which is insoluble It takes most of the glucose which comes to 
it from the intestine by way of the portal \ cm and stores it until needed 
Since glucose is the primary source of energy in the bodies of animals there 
is a constant withdrawal of that stored m the liver once the muscles have 
used up their slight excess The glucose content of the blood is maintained 
at the expense of the liver glycogen This has been shown by experiments 
on fasting animals a period of starvation results in the disappearance of 
nearly all the glycogen from the h\er 

Hyperglycem a Glycosur a 

Sometimes under certain conditions the blood sugar concentration may 
rise abo\e the normal concentration of 90 to 100 mg per cent a condition 
known as hyperglycemia If the glucose should rise abo\e 160 or 180 mg 
percent it spills o\erm the kidneys and appears in the urine — glycosurta 
The kidneys have a certain threshold for glucose and if the concentration in 
the blood should exceed this threshold it appears in the urine Actually, 
the cells lining the walls of the kidney tubules can reabsorb only a limited 
amount of glucose from the glomerular filtrate 

There are several ways in which hyperglycemia and glycosuria may be 
produced 

1 As pointed out above if a meal consisting chiefly of carbohydrates is 
ingested there may be such a rapid absorption of glucose from the alimentary 
tract that its concentration in the blood becomes so great that some of it 
passes into the urine Tins is called alimentary glycosuria 

z During emotional stress such as competition in athletics fright or 
anger glucose may appear m the urine Excitement of this type causes the 
adrenal gland to secrete more adrenalin into the blood stream winch in turn 
causes the liver cells to release some of their glycogen in the form of glucose 
This tvpc is called emotional or adrenm glycosuria Tins is of course an 
emergenev reaction that prepares an animal for fight or flight In either 
case an excess supply of glucose is thrown into the blood stream thus 
supplying a source of rcadilv available energy 

3 There is a form of glycosuria which is not found in nature except when 
a certain drug is injected into an animal T he drug is called phlorhizin 
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and the consequent gly cosuria is called phlorhizm glycosuria There is no 
evident hyperglycemia with this hpe since the drug on!) acts upon the cells 
of the kidney tubules and presents them from reabsorbing sugar All the 
glucose that comes to them b) way of the glomerular filtrate, passes on 
through to the collecting ducts and out with the urine 
4 The type of glycosuna to which the layman usually refers is diabetic 
glycosuria which is pathological, the condition is known as diabetes mellitus 
The common symptoms of this disease are, along with hyperglycemia and 
glycosuria, polyuria (excessive urine excretion), excessive thirst due to 
dehydration, increased appetite , great muscular weakness and fatigue, ema 
ciatton, mobilization of fats as can be shown by examination of the blood 
and excessive production of acetone bodies by the liver (acetone is eliminated 
by the lungs) This causes an acidosis Low resistance to infection and 
poor healing of wounds makes surgical operations dangerous to diabetics 


Action of Insulin 

Diabetes mellitus is caused by a disease of the islet tissue of the pancreas 
in which there is an insulin deficiency However, malfunction in other 
endocrine structures, such as the anterior pituitary and the adrenal gland 
may also play a role in the appearance of the symptoms we usually associate 
with diabetes 

When insulin is present in the blood stream, the tissues take up and 
utilize glucose readily, their ability to do this depends upon insulin con 
centration In other words, this hormone causes an increase m the oxida 
tion of glucose Insulin is also essential m maintaining proper storage 
of glucose in the liver and muscles How it carries out these functions 
is still unknown 

Normally, insulin secretion is controlled by the concentration of glucose 
»n the blood stream, the greater the concentration, the more insulin pro 
duced The islet tissue is stimulated dircctlv bv glucose, coming to it bv 
wav of the blood stream, or it is stimulated mdirccth bi wai of the 
‘ glv cosuna center” of the medulla Impulses arrive at the islet tissue 
from the center by way of the vagi nerves and result m greater insulin sccrc 
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much longer It had long been recognized that the pancreas was the seat 
of production of some substance that pre\ented diabetes, but, because of 
the protein nature of insulin, it could not be obtained from the pancreas 
Whenever an extract of the gland was made in an attempt to isolate the 
hormone, the proteol)tic enzymes from the exocrine part of the gland 
digested the insulin Banting in reading over the works of earlier in 
vestigators in which it was shown that the digestive part of the gland was 
destroyed if its ducts were ligated, figured correctly that the unchanged 
islet tissue should yield the hormone His first success was secured by m 
jection of the extract obtained in this manner into diabetic dogs Later, 
a method of extracting the hormone from normal quickly frozen glands by 
acid alcohol was devised This greatly simplified the work of extraction 

Hypennsulmism 

True hypennsuhmsm results when tumors form within the islet tissue, 
excessive amounts of insulin are produced and, as a result, the blood sugar 
is decreased a condition called hypoglycemia In such a case, the only 
cure is removal of the tumor, but symptoms may be temporarily ameliorated 
if a person eats large quantities of carbohvdrates 

Ihpogljccmia may also result if too much insulin is injected The symp 
toms are the same as those of true lu pennsulinism, but maj be more dramatic 
because of the rapid onset As the blood sugar level falls, a condition of 
mental confusion develops which is sometimes mistaken for the effects of 
alcohol If blood sugar is reduced below 20 mg per cent, severe convulsions 
ina) result and death wall follow reeding sugar to a person suffering from 
an overdosage of insulin, or intravenous injection of sterile glucose solution 
if the individual is unconscious, may restore blood sugar levels toward 
normal and relieve the symptoms 

THE ADRENAL GLAND 

The adrenal or suprarenal glands in man lie immcdntclv above the kid 
nev There arc two distinct parts to the gland the cortex and the medulla, 
m other words, the adrenal gland may be subdivided into two glands The 
cortex or outer part is derived from the same germinal tissue as the gonads, 
the medulla, as pointed out prcviouslv {page 172), has the same origin is 
the postganglionic fibers of the sympathetic division of the autonomic 
nerv ous sv stem In the clasmobranchs, the tw o glands arc cntirch separate, 
and it is claimed that analogous structures occur in species even as low as 
the annelid worms 
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Inman, the adrenals weigh from ; to i; g, about 10 per cent of the gland 
is medulla, the remainder, cortex 
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FfGURE 299 

A position of adrenal gland 
abo\e kidney, B, section 
through adrenal gland 


The Adrenal Medulla 

The cells of the medulla secrete epinephrine ( adrenalin ) which has the 
formula 


HO— C 
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-C OH 


H is related to the amino acid, tyrosine It is rapidly ovtdized in neutral 
or alkaline solution, but is somewhat more stable in acid solution or in 
dry form 

Epinephrine ewdently has many functions, at least, it affects various sys 
terns of the body Its effects seem to be as widespread as those of the 
sympathetic division of the autonomic nervous svstem in fact, the two 
might even be considered as a single system, the adreno sympathetic system 
If the concentration of epinephrine is increased in the blood stream of a 
mammal by injection, the following effects are noted ( 1 ) A v er\ noticeable 
increase in blood pressure, this is caused by stimulation of vasoconstrictor 
nerves leading to the arterioles (2) An acceleration in the heartbeat 
(3) A dilation of the bronchioles allowing the air to enter and lca\e the 
lungs more freely {4) An inhibition of activitv throughout the gastro- 
intestinal tract, except for the sphincter muscles (5) Dilation of the pupil 
of the eve, the radial muscles of the ins are stimulated, the circular muscles 
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inhibited (6) An increase in the glucose concentration of the blood 
owing to its effect on the li\er cells, glycol} sis is accelerated, which leads to 
glycosuria (emotional glycosuria) (7) Inhibition of contraction of the 
unnary bladder (8) A stimulating effect upon oxidative metabolism, this 
can be measured as basal metabolism (9) An increase in muscular power 
and a more rapid recover) from fatigue (10) A decrease m blood clotting 
time, which may be reduced to less than half that of normal 
The adrenal gland therefore, reinforces the effects of stimulation of the 
S)mpathetic nervous svstem In spite of the numerous actions of epinepli 
nne it is remarkable that an animal may live an apparently normal life 
when the adrenal medulla of both glands is removed This is at least 
partly, because of the fact that it is only a portion of the adreno sympathetic 
system and that the actions are continued by the sympathetic division of 
the autonomic nervous system 

The Adrenal Cortex 

If the adrenal glands arc removed from an animal, it dies within a week 
or two It has been demonstrated that death is the result of the removal 
of the cortical rather than the medullary portion of the gland 

In man a disease known as Addison s dtsease makes its appearance upon 
degeneration of the cortices The condition is characterized by the follow 
mg symptoms (1) Cardiovascular disturbances such as low blood pressure, 
diminished blood volume, and weak heart which mav lead to circulatory 
failure (2) Gastrointestinal disturbances such as loss of appetite 
anacidity (or lack of acidity), and diarrhea (3) A disturbance m the 
water electrolyte balance There is an increase in the loss of sodium and 
chloride and a retention of potassium in the blood the kidney is unable to re 
absorb the salts chiefly the sodium chloride, that filter through the 
glomerulus and consequently, blood concentrations are lowered (4) 
Retention of urea bv the kidney, hence, an increase in its concentration 
in the blood The kidney tubule cells appear to reabsorb more urea than 
normally and hence the blood concentration increases (5) Bronzing of 
the skin usuallv appearing late in the development of the disease, this is 
caused by a deposition of pigment in the skin (6) Lowered basal metal) 
ohsm (7) Great muscular weakness (8) Subnormal temperature 
The best treatment for Addisons disease has been the administration of 
the whole cortical extract At one time it was thought that this contained 
but one hormone, corfm however several hormones arc produced m the 
adrenal cortex One of them cortisone has received much pubhcitv it 
ccntlv because of the discovers that it benefited patients with rheumatoid 
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arthritis In most cases, its action has been dramatic Patients who had 
not walked for man) )cars did so within a few dajs after treatment How 
c\er, if treatment is withdrawn, there is a return to the old condition 

There is also an androgenic hormone which, if o\erproduced due to 
tumors or other functional disturbances, ma\ lead to pseudohermaphro- 
ditism in young girls In bo)S, as well as girls, precocious sexual develop- 
ment maj occur In adult women, it maj lead to mascuhmzation with an 
extreme development of hair, indicating an effect of an adrenal secretion on 
the gonads 

The adrenal cortex is much Ticher m ascorbic acid than any other bodj 
organ, the reason for which is still unknown 

THE GONADS 

The gonads are the primary sex organs consisting of the testes in the male 
and the o\anes m the female The appearance of secondary sex charac 
tenstics Such as hair growth, voice and muscular development, are dependent 
upon normal functioning of the gonads as is the complete development of 
the external genital organs In order to understand more clearlj the way 
in which the sex hormones function, one should have some knowledge of the 
structures of the reproductiv e svstems The organs inv oh ed m reproduction 
and the hormones associated with the processes are discussed in the follow 
mg chapter 


ADDITIONAL READING 

Hartman F A , and K A Brownell, The Adrenal Gland (Philadelphia Lea 
and Fcbiger 19-49) Detailed accounts of structure and function com 
parativc ptysiology considerations 

Selye H , Textbook of Endocrinology, 2nd ed (Montreal Acta Endocnno 
logica, 1949) Detailed accounts of structure and normal and abnormal 
function 

Zimmermann, B , Endocrine Functions of the Pancreas (Springfield Charles 
C Thomas 19 52) Sur\ey of studies on the pancreas and insulin 
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inhibited (6) An increase in the glucose concentration of the blood 
owing to its effect on the liver cells, glycolysis is accelerated, which leads to 
glycosuria (emotional glycosuria) (7) Inhibition of contraction of the 
urinary bladder (8) A stimulating effect upon oxidative metabolism, this 
can be measured as basal metabolism (9) An increase m muscular power 
and a more rapid recovery from fatigue ( 10) A decrease in blood clotting 
time, which may be reduced to less than half that of normal 
The adrenal gland, therefore, reinforces the effects of stimulation of the 
sympathetic nervous svstem In spite of the numerous actions of epineph 
rine, it is remarkable that an animal may live an apparently normal life 
when the adrenal medulla of both glands is removed This is, at least 
partly, because of the fact that it is only a portion of the 4 adreno sympathetic’ 
system and that the actions are continued by the sympathetic division of 
the autonomic nervous system 

The Adrenal Cortex 

If the adrenal glands arc removed from an animal, it dies within a week 
or two It has been demonstrated that death is the result of the removal 
of the cortical rather than the medullary portion of the gland 

In man, a disease known as Addison’s disease makes its appearance upon 
degeneration of the cortices The condition is characterized by the follow 
ing symptoms (1) Cardiovascular disturbances, such as low blood pressure, 
diminished blood volume, and weak heart which may lead to circulatory 
failure (2) Gastrointestinal disturbances, such as loss of appetite 
anacidity (or lack of acidity), and diarrhea (3) A disturbance in the 
water electrolyte balance There is an increase in the loss of sodium and 
chloride and a retention of potassium in the blood, the kidney is unable to re 
absorb the salts, chiefly the sodium chloride, that filter through the 
glomerulus, and, consequently, blood concentrations are lowered (4) 
Retention of urea by the kidney, hence, an increase in its concentration 
in the blood The kidney tubule cells appear to reabsorb more urea than 
normally, and hence the blood concentration increases (5) Bronzing of 
the skin, usually appearing late in the development of the disease, this is 
caused by a deposition of pigment in the skin (6) Lowered basal metab- 
olism (7) Great muscular weakness (8) Subnormal temperature 
The best treatment for Addison’s disease has been the administration of 
the whole cortical extract At one time, it was thought that this contained 
but one hormone, corf in, however, several hormones are produced in the 
adrenal cortex One of them, cortisone has received much publicity rc 
ccntlv because of the discoven that it benefited patients with rheumatoid 
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arthritis In most cases, its action has been dramatic Patients who had 
not willed for mam scars did so within a few days after treatment How 
ttcr, if treatment is withdrawn, there is a return to the old condition 

There is also an androgentc hormone which, if oscrproduced due to 
tumors or other functional disturbances, mat lead to pseudohemiaphro 
thtism in joung girls In boys, as well ns girls, precocious sexual de\elop- 
ment mav occur In adult women, it ma\ lead to masculmization with an 
Oitremc dc\elopmcnt of hair indicating an effect of an adrenal secretion on 
the gonads 

The adrenal cortex is much richer in ascorbic acid than an) other bod) 
0r gan, the reason for which is still unknown 


THE GONADS 

The gonads are the pnmai) sex organs, consisting of the testes in the male 
and the oraries in the female The appearance of secondary sex charac 
tenstics such as hair grots th, \ oice and muscular des elopment, are dependent 
upon normal functioning of the gonads as is the complete e\e opinent o 
Hie external genital organs In order to understand more clearh the uaj 
m sshrch the sex hormones function, one should has e some hnouledge of the 
structures of the reproducer e sr stems Tire organs .molted m reprodrrehon 

and the hormones associated ruth the processes are iscussc in e o 

mg chapter 
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Reproduction 


The reproductive act in animals consists of a coordination of various 
functions by means of which the individual perpetuates the species to which 
he belongs. The individual dies but the species lives on — hence, the 
necessity that an individual have the capacity of reproducing himself. 

Many animals die as individuals, once the sexual act is complete. This is 
especially true of the great class of insects. Other animals will go through 
extreme hardships in order to reach special breeding grounds; for example, 
the migration of salmon from the sea up fresh-water streams where they 
encounter almost impassable rapids and falls. Finally reaching their goal, 
they spawn and die. All of the eels in the world, when ready for breeding, 
start their migrations down the small fresh -water streams and rivers, where 
the) have been living, and at length reach the sea. Eventually they collect 
at one particular area in the Atlantic Ocean southeast of Bermuda. The 
breeding areas of American cels and European eels overlap. Eels, also, die 
after breeding. 

Hie migration of birds, although controlled to a considerable extent by 
climate, is carried out for the purpose of reproducing in a suitable location 
under proper environmental conditions. Birds migrate thousands of miles 
to accomplish these ends. 

Other animals, as well, will suffer considerable hardships in order to ac- 
complish the reproductive act. 

REPRODUCTION IN LOWER ANIMAL FORMS 

Although most animals perpetuate their species by sexual reproduction, 
some carry on an asexual type of reproduction. Asexual reproduction is 
found in the common protozoan. Amoeba proleus. There arc no sexual 
differences whatever in an amoeba; when the organism has grown suffi- 
cicntlv large, its nucleus divides, which act is soon followed by division of 
the cv toplasm (sometimes referred to as fission). In this way, two new 
individuals arc produced. 11ms, each cell represents an individual or- 
ganism which, barring accident or sudden environmental changes, is im- 
mortal. Hie sjmc can Ik said for most living cells if their environment 
can be maintained under conditions suitable for them. For example, tissue 
550 
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cells from mammalian bodies may be carried in tissue culture, apparently, 
for as long a period as one wishes, if one has the patience to see that the 
environment within the culture solution is kept under ideal conditions 



figure 300 

Asexual reproduct.on .n AmocbJ Two new organ, sms are 
produced b\ division of tlie cell 

Sexual types of reproduct.on arc found also ,n p.otoroan animals that 
is there b” temporar) union (cou/iigntion), at which tunc nuclear mite 
rials arc exchanged In this manner, the characteristics of two ind.udi.als 

arc intermingled (r.gurc 3 oO mulllcclll , Iar animals A good ex 

Asexual reproduction occurs i , 
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This is known as parthenogenesis and is common in some Arthropoda, al 
though m most forms of this phjlum (insects, Crustacea, etc ) the eggs are 
fertilized within the seminal receptacle of the female, after which they are 
expelled to the outside where they de\clop 



Diagrammatic representation of con 
|ugat on in Paramecium Tins is a 
sexual union and imoKcs an cx 
change of nuclear materials The 
nucleus of each conjugant lus di 
sided and one part passes oscr into 
the other cell The two nuclei in 
each cell then unite 



FIGURE 302 

D agnm illustrating budding in II) 
tlra a form of asexual reproduction 


The hones bee is an excellent example of the parthenogeme type of re- 
production If the eggs ate fertilized, females (voders) arc produced 
whereas those developing from unfertilized eggs arc males (drones) 

It mi discos cicd mans jcais ago tint parthenogenesis can be induced 
artificially in some animals c\cn though normally these animals nc\cx 
reproduce in tins vx^v Hie individuals that result from artificial partheno- 
genesis may dcyclop into complete individuals The stimulus for cleavage 
of the egg may be chemical, electrical, or mechanical (as priding the enum 
stth a needle) 
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Each testis consists of a mass of seminiferous tubules lined by cells 
specialized for the production of spermatozoa It has been estimated that 
in the two testes of an adult man there are about one thousand feet of 
seminiferous tubules Between these tubules, and surrounding them, are 
the interstitial cells which produce the male se\ hormone, testosterone 
The tubules lead directly into the epididymis, also consisting of tubular 
structures in which the spermatozoa are temporarily stored 
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A tube, the vas deferens ( ductus deferens), leads from the epididymis to 
the semmaZ vesicles, which, along with the prostate gland and Con per’s gland, 
secrete the seminal fluid When the spermatozoa mix with this fluid the) 
begin \er) active movement, m which condition they are ejaculated The 
ejaculatory duct leads into the urethra which carries the semen to the ex 
terior 


MAMMALIAN SPERMATOZOA AND OVA 

The male reproductive cells or spermatozoa of mammals, are produced 
continuous!) by the spermatid cells of the seminiferous tubules, from the 



FIGURE 305 

Sketch of human sperma 
tozoon A top view B 
side view 



FIGURE 306 

Copy of old drawing made of 
human spermatozoon The ob 
server thought lie could see the 
shape of a little man in the 
head of the sperm and so dcvcl 
oped the homunculus theory 


lime of pubert) (twelve to fifteen )cats) until death Spcrmitomi were 
discoe cred in the olrl) part of the seventeenth cenhm bv Ilimm an as 
sociate of Antons v-in Leeuwenhoek Ilamm described them as sniggling 
tadpole hie cicaturcs mil Lcciisscnliocl liter chnncd that he could 
actuilh see the slnpc of a lumnn ssitlun flic head of the sperm Tins lead 
to Ins homunculus (little man) thcors of reproduction He believed tint 
vvithm the head of eich spemnto/oon sns emit lined i snnll humin in 
dlsidml which possessed sperm cells t 
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and so on ad infinitum In other words, according to his theory, the sper 
matozoa contained the life gn mg properties which developed into the em 
bryo, the uterus being merely a place for its nourishment This idea lead to 
the use of the word semen (seed) for the fluid that is ejaculated during 
copulation 

Spermatozoa are produced by means of a special type of cell division 
called meiosis, or reduction division (the ovum is produced m the same 
manner), during which the number of chromosomes are reduced by one 
half the usual number Tins form of division is represented in Figure 307 
In the germ cell (male or female) the homologous chromosomes pair up 
(synapsis) The chromosomes then reproduce themselves and for a short 
time exist as groups of four (tetrads) The cells containing the tetrads 
are called primary spermatocytes By means of meiotic division each tetrad 
splits into two chads which also divide by meiosis into spermatids Each 
spermatid containing a haploid (one half the original) number of chromo 
somes eventually differentiates into a spermatozoon Tins reduction 
prepares both spermatozoa and ova so that when they unite during fertiliza 
tion the chromosome number is again the same as it had been before 
maturation which number in man is forty erght Actually there are twenty 
four pairs (except in the male where one chromosome, X, does not match 
any of the others) 

In the case of the egg or ovum, however, only a single functional cell is 
produced from the original The same type of div lsion tabes place and in 
the same manner as in sperm production but at each division one large 
cell containing much food material and one very small cell are produced 
The small cell is called a polar body The first polar body divides to pro 
duce two Thus altogether, during the egg maturation, three polar bodies 
and one ovum are formed 

After the spermatozoa are produced in the testes, they are earned to the 
epididymis and stored there They may remain alive for a month or two, 
after which they die and disintegrate unless earned to the extenor Once 
they mix with the seminal fluid they last only a few days It has been 
estimated that approximately one trillion spermatozoa may be produced by 
an individual within a lifetime and that the normal ejaculation contains 
200 000 000 or more 

Dunng copulation the spermatozoa mav travel from the vagina to the 
uterus partly by their own flagellar movement and partly by suction action 
of the uterus They travel up the Fallopian tube (at the rate of about 6 in 
per liour), usually meeting the egg as it travels downward Fertilization 
occurs in the Fallopian tube Most of the spermatozoa die within a few 
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hours in the uterus and tube, but some may live for 30 to 40 hours The 
functions of the spermatozoa are twofold (1) They apparently initiate 
division in the egg by penetrating its membrane This can also be done 
by merely pricking the egg membrane (artificial parthenogenesis) (2) 
The nucleus of the sperm carries hereditary characteristics of the father 
which, with those of the mother, produce the characteristics of the new 
individual as it develops 

THE MALE SEX HORMONES 

It was not until quite recently that the endocrine function of the testes 
was proven, although the association of the testes with the functions and 
development of other structures has been recognized for 200 years or more 
In the earlj part of this century it was shown that if the vus deferens is 
ligated the germinal epithelium of the testes is destroyed with the result 
that no spermatozoa are produced, yet, the typical changes of castration 
(removal of testes) do not occur In other words, the interstitial cells of 
the testes, not harmed by ligation, produce a hormone which functions in 
the appearance and maintenance of secondary sex characteristics and in the 
sex behavior of the male This hormone is testosterone, which has been 
isolated m pure form It is metabolized to another closely related hormone 
called androsterone vw which form vt vs excreted vn the mine Both of them 
have been synthesized from cholesterol and are included under the general 
term androgens which also includes other potent agents, chiefly synthetic 
having actions similar to that of testosterone The structural formulae of 
these two hormones are 



Testosterone Androsterone 


If an immature male animal is castrated it retains many of its infantile 
characteristics It grows normalh hut ncvci becomes sexually swaturc 
Tor example, the capon, which is a castrated male chicken, develops the 
comb, wattles and plumage of a female although it does grow to a size 
even greater than normal 
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If the adult male is castrated, it loses many of its male secondary sex 
characteristics and there is a suppression of sexual activity. 

The Gonadotrophic Hormones in Moles 

As was mentioned previously, the gonadotrophins do not appear to be 
sex specific Therefore, LH and FSH are effective both in females and 
males, exerting their influence upon specific tissues in each case 
LH stimulates the interstitial cells of the testes to produce testosterone 
(page 539) For this reason, the stimulating material was at one time 
called ICSH (interstitial cell stimulating hormone), but it is now recognized 
as being identical with LH When testosterone has been produced m 
quantities in excess of that required, LH production is inhibited Thus, a 
natural balance is maintained 

FSH stimulates development of the epithelial lining of the seminiferous 
tubules (page 538), thus bringing about normal spermatogenesis If the 
anterior pituitary in a young male is removed, it never reaches sexual 
maturity unless gonadotrophins are injected periodically The testes fail 
to develop and no spermatozoa are produced Likewise, the secondan 
sex characteristics do not develop and theammal appears as though castrated 

THE REPRODUCTIVE SYSTEM OF THE FEMALE 
The external genitalia of the human female are shown in Figure 308 
The clitoris is homologous to the male penis and contains erectile tissue 



FIGURE 303 

Tlic external gcnitalu of 
I he human ferrule 


Somclnncs .he chtom unde, goes loo pea. a do, clop, ncu. and an o,gan qu,.c 
similar to 1 perns is formed 
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The primary sex organs of the female are the ovaries In mammals and 
most other animals they are paired structures that lie within the body 
cavity The eggs or ova develop from the germinal epithelium that covers 
the ovaries It has been estimated that several hundred thousand are 



FIGURE 309 

The internal gemtaln of the human female A as seen from 
behind B with organs opened to show internal structures 
\nows indicate the route trailed by the sperm from the 
vagina to the fallopian tube and that traveled by the ovum 
from the ovary to the Tallop an tube where the two fuse 

present in the ovaries at birth They are primitive in structure, however 
and can be noticed only as single cells within the mass of the ovary During 
n human life span only about four hundred to five hundred of the ova get 
into the uterus 

As the ova approach maturity, a follicle is formed which becomes hollow 
and filled w ith fluid At ov ulatton, the follicle containing the most mature 
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ouim ruptures and liberates the ovum into the abdominal cavity from where 
it soon passes into the Fallopian tube (or ouduct) eudently with the aid 
of the finger like fimbriae In the human, this occurs usuall) only once 
exerj twenty eight dajs 

The walls of the Fallopian tube are muscular and are lined with ciliated 
cells, thus, b\ means of both muscular and ciliary mo\ements, the egg 
eventually reaches the uterus 



FIGURE 310 

The human female reproductnc 
s\stem 


The oviducts haie become quite modified in mammals and it has alreadi 
been noted (page 553) that in loner vertebrates, such as fish and amphibians 
the oviducts lead d, recti, to the ester, or The eggs are fertilized outside 
the bod, and are more or less 'on the.r own after fertilization As ,s 
well Inown, fish and amphibians lay thousands of eggs but onl, a few 
deielop into adults, since most of them arc eaten bv other annuals 

In the mammal, fertrlrzation rs rntemal Tire spermatozoa male then 
wav up the Fallopian tube and fcrt.hzc the ouim as it passes toward the 
uterus Thus, the egg rs partis developed vvl.cn rt readies the uterus where 
,t becomes attached to the walls of the latter Here rt ^<- -lps fora t,mc, 
obtaining food substances and osygen b, absorpt.on from the mothers 
blood stream 

the female reproductive cycle 
. , f * lf . n\era t, e. once e^r\ tucnh-cight c!j\s 

n ----- - * - - 
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and continues for thirty to fort) )ear$ Menstruation follows ovulation and 
occurs at different periods m different individuals In most cases it takes 
place approxima tel) fourteen days following ovulation The actual ‘bleed 
mg period of menstruation lasts from three to five days occurring only when 
the ovum is not fertilized Before ovulation the endometrium or lining of 
the uterus grows considerably preparing itself for reception of the fertilized 
o\ urn If the ovum is not fertilized the superficial lay er of this modified mu 

cous membrane of the uterus breaks down Since it is highly vascular the 
breakdown and elimination of the tissue is accompanied bv bleeding which 
is called the menstrual flow Thus menstruation does not occur during 
pregnanev or during the nursing period At about the forty fifth year of 
life the menstrual periods may show signs of irregularity and finally mav 
cease altogether This is known as the menopause Ovulation ceases and 
consequently the uterine mucosa no longer prepares itself for reception of 
the ovum 


THE ESTRUS CYCLE OF LOWER MAMMALS 
In the lower mammals recurrent changes take place in the ovaries uterus 
vagina and mammarv glands and there are recurrent variations in sexual 
urge these periods arc referred to as estrus the period of sexual receptivitv 
There are several phases into which the estrus cycle may be divided 
(1) Procsfrus is that time during which there are changes in the vagina 
uterus and mammary glands During (2) estrus or heat sexual desire 
is usually intense Tins is the phase when ovulation occurs In (3) post 
estrus the uterus and mammary glands develop further the uterus in antic 
1 pat ion of implantation of the ovum If fertilization has taken place im 
plantation (pregnanev) occurs or in case the egg has not been fertilized 
pseudo pregnanev follows (4) Anesfrt/s is the period of rest 

In poly estrus animals such as the cow rat mouse and guinea pig ovula 
tion is spontaneous several estrus periods occurring within each sexual sea 
son In the rabbit gray squirrel and cat ovulation occurs only after coitus — 
forced ovufafiort 

During cstnis or immediately following ovulation occurs and since the 
female wall receive the male only during this heat period the spermatozoa 
arc injected into the uterus at about the same time as the o\ 11m or ova reach 
it Estrus and menstruation differ in several respects for example ovula 
tion occurs usually during cstnis in lower mammals whereas menstruation 
as already pointed out occurs about fourteen days following ovulation in 
primates 
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Hormones Produced in the Ovary 

In the follicular fluid of the ovarian follicle is a hormone called estradiol 
which is also a sterol close!} related in chemical structure to the male sex 
hormones It is produced by the cells surrounding the follicle Estrone 
( theelm ) is similar in action to estradiol and is found in urine It is onlj 
about twenty per cent as potent as estradiol The} are collectivel} referred 
to as estrogens 

A change takes place within the mature follicle after it ruptures, and the 
egg passes into the Fallopian tube, the corpus lutcum or “jellow bod}” dc 
velopmg from it The follicular cavitv becomes filled with a }elIouish sub 
stance and the cells surrounding it now produce a hormone called proges 
terone If fertilization occurs and the egg becomes embedded m the cn 
dometnum of the uterus, this hormone continues to be produced until 
parturition (or birth) 




FIGURE 311 

The appearance of the osary 
A after the Os urn from the 
old follicle haj left the osars 
and the ‘jclloss body has 
formed B when a ness fol 
bclc has des eloped and nn 
gnted to the surface of the 
ovary 



Estrone Citradiol 


Progesterone 
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words, it prepares the uterus still further for reception of the egg after the 
ncccssarj priming action of estradiol 
If the progesterone suppH should be cut off for one reason or another 
during carh prcgnanc\ miscarriage soon follows The hormone is essen 
ttal for the maintenance of pregnane) It also affects the mammarj glands so 

that their dc\clopmcnt is completed b) the time of parturition It has notl 
ing to do with milk formation however That is the function of ano* 11 ''’ 
hormone called prolactm produced b) the anterior lobe of the pituitary bod) 


Gonodotroph c Hormones of the Anterior Pitu lory 

Two hormones arc produced m the anterior pituitar) one of which has 
action on the follicle ( follicle stimulating hormone or TSH) and the other 
on the corpus lutcum (luteal hormone or LH) 

The rS!I acts upon the follicles of the o\ar) and stimulates their growth 
hut docs not alone lead to ovulation As the follicle grows the production of 
estradiol increases which has an inhibiting effect upon the further produc 
tion of f SI! and a stimulating effect upon the production of LI1 When 
the proper balance between FSII and LI I is reached it stimulates maturation 
if the follicle which conscqucnth finally bursts and sets the ovum free 
" dh further decrease of TSII and increase m LI I production the corpus 
lutcum appears Plus bodv remains in the ovarv if the egg is fertilized and 
the hormone progesterone which m some wav inhibits the production of 
I SI I bv the anterior pitiutarv is produced b) the colls of the corpus lutcum 
until parturition or birth some estrogen also is produced However, if the 
mum is not fertilized the corpus lutcum regresses and the hormone pro 
duccd bv it decreases to a point where it can no longer inhibit production 
of ISI1 llius the follicle stimulating hormone increases other follicles 
begin to grow and the cvclc is repeated 

FERTILIZATION 

I crtiliration as alrcadv pointed out almost always takes place in the 
I allopian tube Hie chances of fertilization if an ovum is descending the 
tulx: and spermatozoa arc ascending depends upon the vnbthtv of the 
ovum and sperm Some claim that the human os urn must be contacted bv 
the sperm within ten hours following copulation or fertilization docs not 
talc place At am rale the maximal survival period for human ova is 
about two diva and that for spermatozoa nliout three davs 

Hie fertilized ovum begins its development m the I allopian tube and 
within a few dm after it read cs the uterus it is m the morula stage The 
Inn ig of the uterus (the endometrium ) has of course been prepared for the 
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PREGNANCY OR GESTATION 

Pregnancy begins with fertilization of the ovum and terminates approxi- 
mately 280 days after the last menstruation. Wien a fertilized ovum be- 
comes implanted in the walls of the uterus, it, in some manner, inhibits the 
occurrence of menstruation, the absence of which is usually the first sign that 
an ovum has been fertilized and implanted. However, other means exist for 
ascertaining a condition of pregnancy. Newer methods depend upon the 
fact that estrone, progesterone and gonadotrophins become very concen- 
trated in the urine. If urine from a pregnant woman is injected into imma- 
ture virgin rats, the uteri of the rats grow considerably and the change is very 
evident within a four-day period. This is the well-known Ascheim-Zondeck 
method. The Friedman test depends upon the fact that numerous bleed- 
mg spots appear on the ovaries of young virgin rabbits following such injec- 
tions. There are still other methods; one of these utilizes female frogs, 
which la) their eggs within a few hours after injection of the pregnancy urine. 
Hie test that seems to be in greatest use today employs the male frog, 
which, when injected with urine from a pregnant woman soon releases sper- 
matozoa. The frogs are placed in a beaker with a few cubic centimeters of 
solution in which the sperm are found. 

THE PLACENTA 

The placenta serves two purposes: (1) as an endocrine gland in the pro- 
duction of estrone, progesterone and gonadotrophin, and (2) as a means for 
exchange between mother and embr)o. It produces sufficient quantities of 
various hormones with the result that, after the first or second month, the 
o\ancs may be removed and pregnancy will go on to a successful termina- 
tion. 

\\ hen the developing embryo first becomes attached to the endometrium, 
food materials and other essential substances are absorbed directly from the 
surrounding capillaries. As it increases in size, however, this method is no 
longer adequate, and the placenta takes over these functions. As the em- 
bryo grows, villi are produced which invade the vascular areas of the endo- 
metrium and project into the large sinuses in vv Inch the maternal blood flows. 
These villi function in a manner similar to those of the intestines. The blood 
of the fetus flows through the villi of the placenta where it loses waste mate- 
rials, notably urea and CO,, and obtains food substances and oxygen by dif- 
fusion and then returns by way of veins to the fetal circulation (Figure 212. 
page 337)* cn, bryo is, therefore, from the very beginning, a separate 
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and independent organism, with no direct mixture of its blood with that of 
the mother 


PARTURITION OR LABOR 

Parturition de\ elops at the end of pregnane) During the last w eek, inter 
nnttent contractions of the uterus appear, which aid m placing the fetus in 
proper position for expulsion Finally, these contractions become \er) 
vigorous (labor), and consequentlv, tend to force the fetus to the outside 
It has not been pro\en that such contractions in humans are sufficient to 
expel the fetus vv 1 thou t aid from the mother This aid males its appearance 
in \oluntarj contractions of muscles such as respiratory, abdominal and 
pelvic muscles that ordinarily are used in defecation The factors imohed 
m the appearance of vigorous uterine contractions are not clear Some ha\ e 
thought that since there is a degeneration of the corpus luteum at term and 
a consequent decrease m progesterone production, the latter no longer in 
hibits formation of the oxytocic factor of the posterior pituitary (page 540) 
This factor, as is already known, stimulates contraction of the smooth mus 
cles of the uterus However, it has been found that dunng labor, the con 
tractions go on, even when the posterior pituitary factor is missing 
After its passage from the uterus, the fetus is still attached to the umbilical 
cord which commonly is ligatured and cut Later, further contractions of 
the uterus result in expulsion of the placenta (afterbirth) Some blood is 
lost because of the uterine sinuses being exposed after detachment of the 
placenta, but the contractions of the uterus normally check the blood flow 
before any serious loss takes place 

Sometimes multiple births occur in humans Twins make their appear 
ance about once in even 87 births, triplets once m even 7103 quadruplets 
once in every 747 000 and quintuplets, once in every 41 000,000 

Multiple births may result from ( 1 ) the release of more than one ovum 
(multiple ovulation) and eventual fertilization or (2) the separation of the 
cells during early division of a single fertilized ovum Twins produced in 
this way from a single ovum arc called identical hurts, those produced by 
multiple ovulation, fraternal turns 


lactation 

Lactation occurs in the breasts or mamma,, glands, wind, arc actual', 
modified sweat glands External], the, are hcnnsphcncal shape a 
centralis located nipple, surrounded b, the areola Both nipple and areola 
are pigmented the pigment which rs pmUsh rn south talcs on a brown 
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color earl) in pregnancy Intemall), the breast consists of glandular and 
conncctne tissue. 



A B 

FIGURE 313 


Structure of the brcist or mammai) gland A, side Mew, B, front \ic\i 

It has alrcad\ been noted that estradiol stimulates growth of the ducts in 
the mammar) glands, and that progesterone stimulates growth of their 
ah cob 

The development of the mamman gland from childhood to maturity is 
illustrated in Tigurc 314 For the most part, the glands remain quiescent 
nnt.l pubcrls Tl.cn, the follicles of the osn.) bc e ,n lo npen, will, a con 
sequent increase in production of estradiol rslncli mitntcs carls groislli of 
the breast As osulation occurs in the ovals, the corpus fufeu'arc formed 
an produce progesterone 11ns hormone stimulates the breast to further 
growth and stimulates an increase m number and size of lobules .and acinar 
structures All this tiles place dining adolescence and prqsarcs the breasts 
lor the childbearing period During pregnanes, with further production 
of such hormones, the breasts continue to enlarge grcatl) 
litrad.ol and progesterone do not function m mill scciction As ahead) 
nolcd, tins function is tionic bs profcctiu, a hormone formed in the anlcnor 
lobe of Hie pitmtan. but, before rl can base its effect, the glands of the breast 
must first lies clop bs action o( estradiol anil progesterone 
It Ins been suggested that prolactin is produced onh alter progesterone 
secretion decreases, ssluch condition occuis tossatd the termination of preg 
nana Dining ptegnunra. further draclnpmcnt and increase m lobule lor 
nnlion tiles plies: due lo the aclion o! progesterone produced bs Hie corpus 
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CHILDHOOD PUBERTY 


FIGURE 314 

Development of the fe 
male breast from child 
hood to maturity At pu 
berty the in tenor pituitaty 
hormone stimulates fol 
hcle development, which 
results in greater estradiol 
production Tins initiates 
growth of the breast 
Later when ovulation be 
gins to occur with corfius 
lutcum formation proges 
tcronc is secreted which 
stimulates further devd 
opment of the breast to 
the fullness that is char 
actcnstic during the child 
beanng period 


lutcum which is augmented b) a similar hormone that is produced in the 
placenta Toward the end of pregnane) the lumina of the tubules bait 
dilated and begun to fill with colostrum which is the fluid that first appears 
following childbirth Colostrum consists of fat globules and special cells 
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lbdomen vasoconstrictor fibers in 367 
pentoncal arrangement in 471 
abducens nerve sixth cranial nenc motor 
for eyeball movements 144 
aberration unequal refraction of light of 
visible spectrum by lens system of eye re 
suiting in faulty vision 226 227, chro 
matic, 227, spherical 226 
absorption process by which material is 
taken into cell or food passes from in 
testine into blood stream or lymphatic 
vessels, 57 

acinar structures 568 
accessory nerve eleventh cranial nerve mo 
tor and sensory to muscles of upper 
trunk 144 

accommodation ability to focus vision on 
object so that it can be seen clearly, 232 

37 

accretion 8 

acetic acid and taste, 212 
acetone "bodies 545 

acetylcholine chemical substance impor 
tant tn transmission of impulses along 
nerve and over many myoneural June 
tions 179 180 343 45*. 5” . 

achlorhydria lack of and secretion y 
parietal cells of gastric glands 489 
achromatic lenses 227 
acid base balance 4 1 , f 

acidity and blood buffers 421 control or 
by stomach 489 , » 

acidosis condition within body 1 

pH of blood and tissues has ksstha 
normal but not tnily acid va u 
acoustic nen e eighth cranial nen ^ 
for hearing and equilibrium »4- 
acromegalv condition resulting :f 

sue secretion of somatrotrophmm adu t 
characterized by enlarged jaw 

actin protein of muscle fib P 

contraction process hS , enc rallv m 
ictinic pertaining to fcjj* * Jj crofting 
ultraviolet range absorb- 

chemical changes m substances 
mg them 


action current a change in electrical charge 
( electrical potential ) at surface of mus 
cle or nerve that passes m wavelike man 
ncr from point of stimulation 85 and 
the impulse, 83 84 in muscle, 75, 82 
84 negative S6 of nerve, 8a 83 116 17 
activator a receptor, stimulation leads to 
reflex action not sensation 186 
adaptation of organism ability to alter 
form or activity to withstand or make use 
of environmental conditions, 8 
adaptation of receptor process whereby 
receptor becomes used to constant stimu 
lus with gradual lessening of sensation 
i8q 90 

Addison s disease condition resulting from 
deficient adrenal cortex function char 
actcn+cd by cardiovascular and gastro 
intestinal disturbances bronzed skin 
muscular weakness lowered metabolism 
and altered water and salt balance m the 
body, 548 

adenosine diphosphate (ADP), 96 
adenosine triphosphate (A IT) adenosine 
combined with three phosphoric acid 
molecules decomposition to release the 
phosphate groups results in release of 
great amounts of energy 96, m 
syncrcsis 99 

adequate stimulus sttmulus that is specific 
for certain receptor as light for eye o, 
air vibration (sound) for ear 187 
adenylic acid 96 

adrenal gland g land(s) lying anterior i n 
ktdncvs control among other thine 
salt balance and emergency reactions ^ 
body 172 530 54649 cortex of, 

346 54S49 and heat production J* 
and hormones 546 49 medulla 0 f, 

ad run 1 111 chemical substan-c for m . d , 
adrenal medulla and sonic tvvih^n 
nerves .-4 ."9 >=» and 
formula for 54“ and v asornotor ac(l ' j° 

adrenergic producing adrenalin 0 T „ 
thin see autonomic nervou, l f' m P a 

nf 5 tyitcm. 
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aortic bodies 


amjlase digestive enzyme that breaks 
starches down to maltose units, 25 
anabolism metabolic processes in assimtla 
tion, 500 
anacidity, 489 

anadromous referring to fishes that nor 
mally Inc in fresh wafer and migrate to 
sea for spawning, see eels 
anaerobic occurring tn absence of molecu 
lar oxygen see respiration 
anastomoses blood vessels connecting 
arterioles and venules that if open al 
low blood to bypass capillaries, 358 
anatomy, 1, cortex stud) in, 153 
androgen substance that acts in body to 
cause development of secondary male 
sex characteristics, 558 
androgenic hormone, 549 
androsterone altered form of testosterone 
that is excreted via untie, 338 
anelectrotonus, 87 

anemia abnormality of blood in which 
there is a decrease m hemoglobin con 
tent per untt volume, 296 98, caused by 
toxic substances 298, and dyspnea 383, 
and heart output 346, pernicious or 
primary, 296 seconders, 298 splenic 
298 

anemic anoxia oxygci lack in tissues due 
to lowered oxygen carrying capacity of 
blood, 402 3 

anesthetics and sleep 167 
anestrus period of rest in estrus cycle 562 
angina pectoris and high blood pressure 
3 57 

animals ability to learn of, 106 7 ad|ust 
ment to environment 106 artificial 
respiration on, 390 body temperature of 
422, cardi3c cvclcs in, 339 4:, deccrc 
brate 152 153 environment of and 
excretion 509, flagellated spermatozoa 
of, 33, fluid media of. 273 86, food of 
421 38, herbivorous, digestion of ccllu 
lose in, 498, lower, absence of receptor 
systems 7n, 185. materials excreted b), 
508 10, midbrain, 152, 153 54 orgam 
zntion of, =6 34 response to strjchnine 
of, 110, slelcton of, 37 44 SP"' 3 ' *>>, 
53, thalamic, 15:, >34 'vatcloggeJ -«> 
animal electricity, 84 B 

anions negative/) charged tons , -> 


and taste, 21: 


accomplishing 


anisotropic * capable of aceom th 
double refraction of polarized light 


anisotropic bands, 80, 82 
anile, bones of 42 
anivlosis 26; 


Annelida behavior modification in, 107, 
abated (trocopliore) larvae of, 53, cir 
culation in, 328, excretion in 509, 511, 
gills in, 378, hemolymph, 274, oxjgen 
transport in, 377, receptors in, 186, 
tangoreceptors in, 191, 192 
anoxemia Zow oxygen content of capillary 
blood, 206, 398 

anoxia failure of tissue cells to receive or 
utilize 'sufficient oxygen, 206, 397400 
402 3 failure of foramen ovule to close 
in, 402, signs and symptoms of, 399 400 
anoxic anoxia oxjgen lack m tissues due to 
failure of proper oxygenation of hemo 
globm in lungs, 397, 39S 99 
anterior chamber (cavity) portion of 
cavity of eyeball lying between cornea 
and ins 223 24 

anhanemic factor altered form of extrinsic 
factor (vitamin B,i) or combination of 
B n and intrinsic factor (from stomach 
mucosa) that is absorbed from intestine 
and eventually used tn blood forming tis 
sues to stimulate normal crythrogencsis 
and hemoglobin formation 297 
antibody specific substance produced in 
filing body in response to presence of 
specific foreign matenal (antigen), dc 
stroys or alters behavior of antigen 32c 
antidiuretic factor hormone of pars net 
iosn that stimulates water reabsorphon 
into blood from nephron tubule (in kid 
ncy ), thus diminishing volume of unne 
production 540 

antigen particular substance that when 
introduced info living body, stimulates 
production of a specific antibody (sec 
antibody), 320 
anti insulin factor 539 
antipcnstaltic waves 479 
antiprothrombin, 302 323 
antipyretic drug used to reduce fev cr, gen 
erally bv causing sw iatmg 427 
antirachitic acting to prevent nekets see 
vitamin D 

anuria absence of unne production 519 
anus posterior opening of digestive system 
468 4S0 and exaction 513 
anv il see mais 

aorta 53; and blood flow, 3 4 S, and Wood 
pressure, 360, m insects, 3:9 nerve fibers 
in 367, structure of 339 
aortic bodies chernoteceptors tn close at 
soaation with aorta mav be stimulated 
by chemical changes m blood and re 
ficxlv alter blood pressure or respiration 
368 39; 39 6 
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aortic bodies 


amylase* digestnc enzyme that breaks 
starches down to maltose units, 25 
anabolism metabolic processes in essimifa 
Iron, 5 do 
anaciditx , 4 89 

anadromous referring to fishes that nor 
mail) Inc m fresh water and migrate to 
sea for spawning sec eels 
anaerobic occurring in absence of molecu 
lor ovx gen, sec respiration 
anastomoses blood xcsscls connecting 
arterioles and venules that, tf open, cl 
low blood to bypass capillaries, 55S 
anatoms, 1, cortex studs in, 155 
androgen substance that acts in bod) to 
cause deselopmcnt of secondary male 
sex characteristics, 33S 
androgenic hormone, 5-49 
androsterone altered form of testosterone 
that 1 s excreted via unne, 55S 
andectrotonus, S7 

anemia* abnormality of blood in which 
there is a decrease in hemoglobin con 
tent per unit volume, :q6^S, caused bv 
tone substances. 29S, and drspnea, 3S5 
and heart output 346, pernicious or 
primary, 296, secondary, 29 S, splenic. 
298 

anemic anoxia oxygci lack tn tissues due 
to lowered oxygen-carrying capacity of 
blood, 402 3 

anesthetics, and sleep, 167 

anestms period of rest in estrus cycle, 362 

angina pectons and high blood pressure 


animals ability to learn of, 106-7, adjust 
ment to environment, xc6, artificial 
respiration on, 590, body temperature of, 
422, cardiac c\tlcs in, 339 -I 2 * ^ ecCT j 
brate, 132, 153, environment of and 
excrebon, 509, flagellated spermatozoa 
of, 53, fluid media of. 273 66 * ^ " f * 
431 38, hexbiverous, digestion of cellu 
lose in, 49 S, loner, absence of receptor 
systems in, 1S5, materials excreted 
50S-10, midbram, 132, 153 3-1 °J^ 3nl 
zabon of, 26-54. response to stnchnme 
of, no. sleleton of, 37 44* *P ,na ‘ 

53, thalamic, 1 52, 1 54* rvaterlogg . - - 

animal electricity, S4 

anions negatively charged ions, it>, «-> 


and taste, 2*2 

anisotropic capable of aceomphshmg 
double refraction of polamcd h^nt 


anisotropic bands. So. 02 
anile, bones of, 42 


ankylosis, 265 
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Annelida behavior modification m» 107, 
dinted ftroeophore) larvae of, 53, cir 
dilation in, 528, excretion m, 509, 511, 
gills in, 37S, hemoJymph, 274, oxvgen 
transport m, 377, receptors in, 1S6, 
tangoreceptors in, 19 1, 192 
anoxemia /on oxygen content of capillary 
blood, 206, 59S 

anoxia failure of tissue cells to reccne or 
utilize •sufficient oxygen, 206, 397 400, 
402 3, failure of foramen ovule to close 
in, 402, s^gns and symptoms of, 399 400 
anoxic anoxia oxxgcn lack in tissues due to 
fa , lure of proper oxygenation of hemo- 
globin in lungs, 397, 39S-99 
anterior chamber (cavity) portion of 
canty of eyeball lymg between cornea 
and ins, 223 24 

anhanemic factor altered form of extrinsic 
factor (ntamm B u ) or combination of 
B IZ and intrinsic factor (from stomach 
mucosa ) that is absorbed from intestine 
and eyentudh used in blood forming tis 
sues to stimulate normal ervthrogencsis 
and hcmoglob n formation, 29** 
antibody specific substance produced in 
Imng body in response to presence of 
specific foreign material ( antigen ) dc 
strovs or alters behavior of antigen, 320 
anhdiurebc factor hormone of pars Tier 
sosa that stimulates water rcabsorptwn 
into blood from nephron tubule (in hd 
jury), thus diminishing volume of unne 
production, 340 

antigen particular substance that, when 
introduced mlo Imng body, stimulates 
production of a spccipc antibody (see 
antibody ) , 320 
anb insulin factor, 559 
anhpcnstalbc wares, 4-9 
an tipro thrombin, 302 323 
antipyretic drug used to reduce feser gen 
erall y by causing sweating 42" 
anbrachitic actmg to present rickets see 
vitamin D 

anuria absence of unne production, 319 
anus posterior opening of digestne system 
_j6S 4 So, and excrebon, 513 
anvil, see incus 

aorta 533, and blood flow, 54S, and blood 
pressure. 360 in insects, 3:9, nerve fibers 
in 567, structure of 339 
aortic bodies chemorccep’ors ir dose a< 
sociabon with aorta may be sttmula'ed 
by chemical changes in blood and re 
fitxly alter blood pressure or respndton 
368 39; 39® 
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apes, cerebellum in, 159 
aphasia loss of power to speak, 158 
apnea, 1583 

appendix rudimentary structure represent 
mg extension from lower end of caecum, 
47 2 , 

aqueous humor fluid that fills portion of 
eyeball anterior to lens 221, 223, 281 
arachnoid (layer) highly vascular and deli 
cate membrane lying between pia mater 
and dura mater and covering brain and 
spinal cord, 141 

areas of Cohnheim small bundles of fibrils 
seen in cross section of striated muscle 
fiber, 59 
areola 567 

arginine phosphate, 95 m imertebrate 
phosphagen 94 
Aristotle, 194 331 
arm, bones of 42 
aromatic nuclei, 43 c 
arterial wall, see artery, wall of 
arteriole very small artery 516, and blood 
flow, 348, control of, 358, renal. 518 
519, and vasomotor activity, 366 
arteriosclerosis condition in which blood 
vessel walls cspcctallv those of artery, 
lose their elasticity, 357 
artery large blood vessel carrying blood 
away from heart brachial, and blood 
pressure, 354 hepatic, 362, hypogastric, 
33 », pulmonary, 335, pulmonary, and 
blood pressure in, 360 renal, 519, 
smooth muscles in, 100, umbiheal, 336 
and vem 349, wall of 349 50, waif of’ 
and blood pressure, 353 
Arthropoda (arthropods) ability of to 
learn, 107 chemical sense of, 20c, cilia 
lacking in, 51, contraction period in 6c 
excretion in, 511 12 , exoskeleton of! 37 
eyes of, 218 rg gI l] s 0 f 3?8> mus ^ 
cells in 58, organs of equilibrium in 
265, reproduction in 552, tactile hairs’ 
in, 191, 192 

articulation point at which bones urufe 
with or contact one another, 42 44 
artificial respiration 390 g 1 
ascending colon first portion of large m 
testme, leading upward from point of at 
tachment with 1 ten in, 472 
Ascheim Zondcch test test for pregnancy 
based on fact that injection of urine of 
pregnant woman into virgin rat causes 
enlargement of tat s uteri 566 
ascorbic acid material essential for proper 
formation of intercellular cementing sub 
stances evidenth also plays a role in cel 


lular oxidations and reductions, 457 59 
deficiency of, 458, and primates, 458, re 
quirements of, 458 59 
asexual reproduction any process by which 
new individual is formed without union 
of two different types of cells ( see also 
sexual reproduction), 550 
nsplnxn death or lowered metabolism due 
to respiratory disfunction and failure of 
proper quantities of oxygen to reach 
body tissues blood pressure in, 369 
coronarv flow in, 361, tendon reflexes 
lacking in, 1 39 
aspirin 427 

association neuron neuron m central nen 
ous system connecting afferent and cf 
ferent neurons in reflex arc, 113 
astasia unsteadiness in waiting or stand 
mg x 6 o 

asthenia neatness of muscle contraction 
160 

asthma forced respiration in, 387, oxygen 
lack in, 402 

astigmatism improper vision due to fault v 
refraction of light by uneven surface of 
cornea or lens of eye, 238 39 
ataxia loss of purposeful action of muscles 
160 

atmospheric pressure, and oxygen, 401 
atony loss of muscle tone, 160 
atrium, see auricle 

atrophy diminished size of tissue or organ 
due to degenerative changes 101, of 
cerebrum, in idiots, 157, muscular, 102 
spontaneous, 102, vitamin E deficiencv 
in, 102 
atropine, 180 

auditory end organs, 15, 255 
Auerbach s plexus nerve network lying be 
tween muscle layers of small intestine 
473 

auricle chamber of heart into which blood 
first enters as it returns from veins, 330 

334 

auriculo v entricular node specialized myo 
cardium near base of septum, plays im 
Portant role in conduction of impulses 
over heart, 344 

auriculo ventricular valve, 338, 342 
autonomic nerves, 168, 474, control of 
smooth muscle by, 100 
autonomic nervous system portion of nen 
ous svsteni generally exerting mvolun 
tap control over visceral structures most 
of its apparent structures he peripheral 
to central nenous system ( see also syni 
pathctico adrenal relationship, parasym 
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blastocyst early stage in embryonic de 
iclopment, consisting of multicellular 
hollow sphere, 29 
blindness, 341 

blind spot region of optic disc ( point at 
which optic nene enters retina) that is 
insensitne to photostimulation owing to 
absence of receptors, 241 
blood chief circulating fluid of all lerte 
brates for brain, lung, and heart 
muscles, 278, buffers of, 277, 419, 421, 
carbon dioxide m, 277, 369, 370, 406, 
4 * 9 » composition of, 275 77, defensive 
mechanism of, 318 20, functions of, 
S7 S> grouping of 306, hormones in, 276, 
laked sec lakcd blood, loading tension 
of 409 loss of, 363, maintenance of 
neutrality in, 419 methods for preserv 
mg 302, nitrogen in, 277, nonmtroge 
nous compounds in, 276, nonprotein sub 
stances in plasma of, 276, osmotic pres 
sure in, 308, and oxygen, 277, 392, 407, 
as oxygen earner, 408, proteins m, 276 
2 77 » 43 5 > ^absorption into, 520, re 
placement of lost, 301 2, Rh factor in 
31013, and sugar, 436, tests for con 
stituents of, 292 93, transfusions of, 296, 
302, 304, typing of 305, \ems, obstruc 
tions in, 286, m vertebrates, 27c, vis 
cosity m, 276, and blood pressure, 353 
blood clot (fibrin) 301 
blood dotting , 74 7 j Houell s themy of, 
323 and prothrombin 325 and vitamin 
K deficiency, 324 25 

blood coagulation 2-6 320 26 passim, rate 

hinoV'n 6 for VI 33 the0I,es of > 32324 
blood How, 3.862, coronary, 360 261 

coronary, and oxygenation, 362. increase 
w 1 558 m mC ? U , 1 and aspiration 396 
b ood grouping legal aspects of. 308 
blood groups 302 4 classification of, 302 
inheritance of, 3067. international d« 
ignation of 304, method of dctcrmin 
mg, 30; 6, by races 307 
blood plasma, 222, carbon dioxide in, 410 
chloride shift in, 419 dried, 302, and 
edema, 2S6, and eiylhrocytcs 304 pro 
thrombin in 322. substances in, 300 
and tissue fluid, see tissue fluid volume 
of. 277 

blood platelct(s) smallest corpuscle m 
blood, carnes material essential for clot 
ting, 276, 301, 310 2i, decrease in 325 
blood pressure pressure within blood res 
scls and heart that is due to elasticity of 
walls bearing upon blood and force of 
\cntncular systole { sec also hvpcrtcn 


sion), 34862 passim, by age, 356, ar 
tenal, 352, in arterioles, 357 58, and 
blood loss, 363, in capillaries, 357 58, 
carotid sinus reflex in, 393, diastolic, 355, 
and edema, 286, maintenance of, 352 
53, methods of ascertaining, 353 55, 
normal variations m, 356, pathological 
variations in, 356 57, pulse of, 355, and 
sex of individual, 356, smooth muscle in, 
56, systolic, 355, in veins, 358 59 
blood serum, 321 
blood sinus, 294 
blood sugar 543 44 

blood vessels ( see also arteriole, artery, 
capillary, vein) abdominal, 366, to 
bone, 33, cerebral, and carbon dioxide, 
396, chemical control of, 369, control 
of, 364, crushing of, 324, pH effect on, 
20, size of 348 49 

blood volume anc. anemia, 300, and an 
hydremia, 300, and blood pressure, 353, 
changes in, 300, and defibrination, 301, 
erythrocytes in, 300, gum solutions to re 
store, 302, mechanisms for replacing, 
301, normal, 300, saline solutions to re 
store, 301, and transfusion, 300 13, and 
traumatic shock, 300 
* blue babies,” 337 

body mammalian, systems of, 33 34, water 
loss from, 284 86 

body cells, internal environment of, 24 
body fluids, 281 83, buffers of, 20 21, col 
loidal state of, 12, exchanger of, 283, 
replenishment of water in 283 84, salts 
essential to, 24 

body structures, lacking lymph, 281 
body systems, sec specific systems 
body temperature 404, of animals, 422, in 
birds and mammals, 22, changes in 404, 
in man, 424 

bone, 3:33, inorganic portion of, 32, mcm 
branc of, 33, microscopic structure of, 

33 ossein of, 32 

bone marrow red 295, endothelial cells 


Bowmans capsule hollow, spherical struc 
ture of Malpighian body of kidney into 
which materials filter from blood stream 

514 

Bovlcs law other conditions being con 


staht, \olumc of gas \ancs directh with 
temperature, 407 

brain highly developed enlarged mass of 
ncnotis tissue, anteriorly located ( sec 
also specific parts, spinal cord, autonomic 
nervous system) and its functions, 140 
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blastocyst early stage in embryonic de 
velopment, consisting of multicellular 
hollow sphere, 29 
blindness 241 

blind spot region of optic disc ( point at 
which optic nerve enters retina) that is 
insensitive to photostimulation omng to 
absence of receptors, 241 
blood chief circulating fluid of all verte 
brales for brain lung and heart 
muscles, 278, buffers of, 277, 4x9, 421, 
carbon dioxide m, 277, 369, 370, 406, 
419, composition of, 27507, defensive 
mechanism of 318 20, hinctions of, 
, " 7 5 » grouping of, 306, hormones in, 276, 
laked see laked blood, loading tension 
of 409 loss of, 363, maintenance of 
neutrality m 419 methods for presen 
mg, 302, nitrogen in, 277, nonmtroge 
nous compounds in, 276, nonprotein sub 
stances in plasma of, 276, osmotic pres 
sure in, 308, and oxygen, 277, 392, 407, 
as oxygen earner, 408, proteins in 276 
2 77 » 435 * teabsorption into, 520, tc 
placement of lost, 301 2, Rh factor in, 
31013, and sugar, 436, tests for con 
stituents of, 292-93 transfusions of, 296, 
302, 304, typing of, 305, veins, obstruc 
tions in, 286, in vertebrates 275, vis 
cosity m, 276, and blood pressure, 2x2 
lood clot (fibrin) 301 
lood clotting 274 75, Howell s theory of, 
323 and prothrombin, 325, and vitamin 
k deficiency 324 25 

lood coagulation 276 320 26 passim, rate 
of time for, 322 23 theories of, 32324 
lood flow, 34862, coronary, 360, 361, 
coronary, and oxygenation 362. increase 
in 358, in medulla and respiration, 396 
ood grouping legal aspects of, 308 
blood groups 302 4 classification of, 303 
inheritance of, 306 7, international dcs’ 
ignation of, 304 method of dctermin 
ing 303 6 by nces 307 
blood plasma, 222. carbon dioxide in, 419. 
chloride shift in. 419, dried, 302, and 
edema, 286 and erythrocytes 304, pro 
thrombin in, 322, substances in 309, 
and tissue fluid, see tissue fluid, volume 

blood platelet (s) smallest corpuscle m 
blood, carries material essential for clot 
ting, 276, 301, 320-21, decrease in, 325 
blood pressure pressure within blood ves 
sets and heart that is due to elasticity of 
w alls bearing upon blood and force of 
ventricular sysfo/c (see also hvpcrtcn 


Sion), 34862 passim, by age, 356, ar 
tenal, 352, in arterioles, 35758, and 
blood loss, 363, in capillaries, 357 58, 
carotid sinus reflex in, 393, diastolic, 355, 
and edema, 286, maintenance of, 352 
53, methods of ascertaining 353 55, 
normal variations in, 356, pathological 
variations in, 356 57, pulse of, 355, and 
sex of individual, 356, smooth muscle in, 
56, systolic, 355, in veins, 358 59 
blood serum, 321 
blood sinus, 294 
blood sugar, 543 44 

blood vessels (see also artenole, artery, 
capillary, vein) abdominal, 366, to 
bone, 33, cerebral, and carbon dioxide, 
396, chemical control of, 369 control 
of, 364, crushing of, 324, pH effect on, 
20, size of, 348 49 

blood volume and anemia 300, and an 
hydremia, 300, and blood pressure, 353, 
changes in, 300, and defibrination, 301, 
erythrocytes in, 300, gum solutions to re 
store, 302, mechanisms for replacing 
301, normal, 300, saline solutions to re 
store, 301, and transfusion, 300 13, and 
traumatic shock, 300 
blue babies,” 337 

body mammalian, systems of, 33 34, water 
loss from 284 86 

body cells, internal environment of, 24 
body fluids, 281 83, buffers of, 20 21, col 
loidal state of, 12, exchanger of, 283, 
replenishment of water in, 283 84, salts 
essential to, 24 

body structures lacking lymph, 281 
body systems, see specific systems 
body temperature, 404 of animals, 422, in 
birds and mammals, 22, changes in, 404, 
in man, 424 

bone, 32 33, inorganic portion of, 32, mem 
brane of, 33, microscopic structure of 
33, ossein of, 32 

bone marrow’ red, 295, endothelial cells 
in, 295, mcgiloblast cells in, 29 c 
Bowditeh, 69 

Bowman's capsule hollow, spherical struc 
iurc of Malpighian body of kidney into 
is Inch materials filter from blood stream, 


Bovlcs law other conditions being con 
sta)il, vo lumc of g as v dries directly with 
temperature, 407 

brain highly dev c/oped enlarged mass of 
nervous tissue, anteriorly located ( sec 
also specific parts, spinal cord, autonomic 
nenous system) and its functions, 140 



blastocyst 

blastocyst early stage tn embryonic de 
velopment, consisting of multicellular 
hollow sphere, 29 
blindness, 241 

blind spot region of optic disc ( point at 
which optic nerve enters retina) that is 
insensitive to photostimulation owing to 
absence of receptors, 241 
blood chief circulating fluid of all verte 
brates for brain, lung, and heart 
muscles, 278, buffers of, 277, 419, 421, 
carbon dioxide in, 277, 369, 370, 406, 
419, composition of, 27577, defensive 
mechanism of, 318 20, functions of, 
’"5 grouping of, 306, hormones in, 276, 
lakcd see hiked blood, loading tension 
of, 409 loss of, 363, maintenance of 
neutrality in, 419, methods for prescrv 
mg, 302, nitrogen in 277, nonmtroge 
nous compounds in, 276, nonprotein sub 
stances m plasma of, 276, osmotic pres 
sure in, 308, and oxygen, 277, 392, 407, 
as oxygen carrier, 408, proteins in 276 
2 77 * 435 * reabsorption into, 520, rc 
placement of lost, 301 2, Rh factor in, 
31013, and sugar, 436, tests for con 
stituents Of, 292-93, transfusions of, 296, 
302, 304, tjping of, 305, veins, obstruc 
tions in 286, in vertebrates, 275, vis 
cosity in 276, and blood pressure aci 
blood clot (fibrin) 301 
Wood clotting 57475 Honell s thooiy of, 
323, and prothrombin 325, and vitamin 
K deficiency 32425 

blood coagulation 276 3 20 26 passim, rate 
of tunc for 322 23, theories of, 323 24 
blood flow, 34862, coronary, 360, 361, 
coronary and oxvgenation, 362, increase 
m 358, in medulla and respiration, 396 
b ood grouping legal aspects of, 308 
blood groups, 301 4 classification of, 303 
inheritance of, 306 7, international dcs’ 
ignation of 304 method of determm 
mg 305 6, b> races, 307 
blood plasma, 222, carbon dioxide in, 419 
chloride shift in 419, dried, 302, and 
edema, 2S6, and crytluocytcs 304 pro 
thrombin in, 322. substances m 309 
and tissue fluid, see tissue fluid volume 

Mood p?atclct(s) smallest corpuscle in 
blood carries matenal essential for clot 
ting, 276, 301, 3:0-11, decrease in, 325 
blood pressure pressure within blood »cj 
sets and heart that is due to elasticity of 
Halls bearing upon blood and force of 
ventricular systole (jcc also livpcitcn 
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sion), 34862 passim, by age, 356, ar 
terial, 352, in arterioles, 357 58, and 
blood loss, 363, in capillaries, 357 58, 
carotid sinus reflex in 393, diastolic, 355, 
and edema, 286, maintenance of, 352 
53, methods of ascertaining, 353 55, 
normal sanations in, 356, pathological 
variations in, 356 57, pulse of, 355, and 
sex of individual, 356, smooth muscle in, 
56, systolic, 355, in veins, 358 59 
blood serum, 321 
blood sinus, 294 
blood sugar, 543 44 

blood vessels ( see also arteriole, artery, 
capillar), \cin) abdominal, 366, to 
bone, 33, cerebral, and carbon dioxide, 
396, chemical control of, 369, control 
of, 364, crushing of, 324, pH effect on, 
20, size of, 348 49 

blood volume and anemia, 300, and an 
hydremn, 300, and blood pressure, 353, 
changes in 300, and defibrination, 301, 
erythrocytes in, 300, gum solutions to rc 
store, 302, mechanisms for replacing 
301, normal, 300, saline solutions to re 
store, 301, and transfusion, 300 13, and 
traumatic shock, 300 
* blue babies,” 337 

body mammalian, systems of, 33 34, water 
loss from 284 86 

body cells, internal environment of, 24 
body fluids, 281 83, buffers of, 20 21, col 
loul-il state of, 12, exchanger of, 283, 
replenishment of water in, 283 84, salts 
essential to, 24 

bod) structures lacking l)mph, 281 
body systems, see specific systems 
body temperature, 404, of animals, 422, in 
birds and mammals, 22, changes in, 404, 
in man 424 

bone, 32 33, inorganic portion of, 32, mem 
brane of, 33, microscopic structure of. 
33 ossein of, 32 

bone marrow red, 295, endothelial cells 
in, 295, meg-ilobiast cells m, 295 
Row ditch, 69 

Bowman’s capsule hollow, spherical struc 
turc of Malpighian body of kidney into 
which materials filter from blood stream, 
5 ‘1 

Bovlc s law other conditions being con 
staht, volume of gas varies directly with 
temperature, 407 

brain highly developed enlarged mass of 
nervous tissue, anteriorly located ( see 
also specific parts, spinal cord, autonomic 
nenous system) and its functions. 140- 
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Go, fourth \cntncle of, 148, general 
* racturc of, 140-41, internal structure 
MS* *48, Jobes of, 15758, mini 
wanes of, 141; reflex levels from cord to, 
H 9 > sectioning of, 152, of vertebrates, 
! 5 0 

wain stem, 1 *r 
brain tumor, 201 
"east, 56S 69 

rathrng (see also inspiration, respiration, 
(Nidation) abdominal, 386. costal, 
3 >, diaphragmatic, 386, periodic, 384 
5 , rate of, 384, regulation of move 
ments of, 391 ,03 
“"Ski. Richard, 524 
bright's disease, 524 

ri . l anc ® ottnbutc of color that depends 
' 51 * brightness or intensify of light, 248 
Wonchioles small branches of air passage 
w /eadmg from bronchus info lung 
.j}' COn stnction of, in asthma, 402, 
brS' 0ry terminal of, 3S0 

one of two branches leading 
Br huts' roc bccz, one to each lung, 172, 580 
, ncn j 1n ni0 ' e ment, see mo’ccular more 

fct peTtamn & to mouth 
bS ca ' lt >* 4 6 9 7 ° 

m 8 t)fie of asexual reproduction, seen 
buf\ mtS an< * tydn, m which parent 
°“ f hudhke process that becomes 
h $ w ndtudual, 55, 

substance ca poble of presenting ex 

or alb , cban B c m pH of solution as acid 
a t 15 a ddcd, 283, 419 and blood, 

fa 1 - =■ 

its h tenosus enlargement of aorta at 
thih Se n ? xt to ' outride of fish and am 
forcin^M^’ contracting, aids in 
bwn, 180 °°^ trough arteries, 330 

c 'bemical sense of, 205 color 
1Sl0n in, 246 5 

«aehexM „ 

w/ti S e neral emaciation in adults re 
totrobh° m t0 ° bit ^ e secretlon °f somcZ 
Wisson (Jk 1 537 

*udden SCaSe con dif«on resulting from 
Ptcosur ex P OSUTe to lowered atmospheric 
blood c»’ So f baf gases dissolved «n 
*o blnrlV ? 71 etner S e as bubbles and tend 
S cts blc °d flow in smaller blood ses 

ti| areo i „ s ‘ , 

c um sah ^cd of calcium or cal 


calciferol 01/ soluble sitamm (vitamin D), 
quite plentiful in fish In ers, essentia/ for 
healths condition of bone, 460 
calcium and amoeboid locomotion, 50, 
and blood sugar, 322, in muscle, 89 
calcium cirbonatc, 512, in bone, 32 
caloric amount of heat required to raise 
one gram of pure water from 1 5°C to 
i 6 °C , ;oi 2 
cimtn 230 

cinmc tooth, especial!) for tearing food 
of which there are : m each jaw, 469 
cannula tubclikc structure that ma) be in 
sorted into blood sesscl, air passage 
lie), or duct m order to introduce ma 
tenal into or remose material from the 
structure, 353, 354 

capillary smallest blood vessel of circula 
tors system through s vails of n/iicft oc 
curs exchange of materials between blood 
and tissue fluid, 222, 331, and blood 
flosv, 34S, control of, 358, of digestis- 
tract, =80, function of, 350 51, of gm*. 
178, lsinph, 278, and oxygen lack, 569. 
permeability of. 309, renal. 5 ' 9 . ““ 1 ° f ' 
240, tissue fluid in, 278, and sasomotor 
activity, 366, avail of, !!? 
capon castrated mate chicken, 558 
carbarn, no hemoglobin “mlmabon 0/ 
hemoglobin mth carbon dioxide, ,Ji° 
carbohjarate m gar, or sumhbe ogam 
compound, containing carbon hydrogen 
and ox, gen. chief e, mg, «r« '» 

=o?’oi 9 4 ’,fmme.°aUlL 5 V 7 

passim, in muscle 88, need 43 

osidation of, 4 °!. I" P r °"f “S, J'e e 
puatoiv quotient of, 375, in sareomeres 

81, storage of, as gl> cogen, 93 

SItonatel'buflet action of, 20 
carbonic acid, 419 found m 

carbonic anhydrase , astnc 

rf f S „t b 8 a 5 °=."nd b to 5 oim.= 9 3 . 

cretion, 500, 51 * „ .gfi, 405, 

and ies P ,ra J‘°J c ^ t 5 cr? 39 5? sensitivity of, 

and respiratory a nd vasomotor con 

to temperature, iyy> 

«tnetion 36; 
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corbon monoxide 
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carbon monoxide 413 14 and anemic 
anoxia 402 poisoning by 414 and 
respiratory pigments 413 
caiboxyhemoglobin combination of hemo 
globm ‘with carbon monoxide that is ex 
tremely stable and renders hemoglobin 
incapable of carrying oxygen 413 
carboxylase enzyme capable of splitting 
carboxyl group from pyruvic acid 


cartioxyl group buffer action of 21 
carboxypeptidasc engine of pancreas 
that acts upon polypeptides splitting off 
amino acids having free carboxyl group 
at end of polypeptide chain 491 
cardiac pertaining to the heart 
cardiac cycle 339 42 

cardiac muscle 55 and acetylcholine 181 
in blood circulation 56 inhibition of 
178 reflex activity of 131 
cardiac sphincter thickened band of circu 
lar muscle lying between stomach and 
esophagus normally controls passage of 
food into stomach 470 
Carlson Anton 485 486 
carotene yellow pigment (provitamin A) 
found in carrots sweet potatoes and 
other yellow and green vegetables 440 
sources of 441 
carotenoid 440 

carotid bod es small ovoid bodies contain 
mg chemorcccptors and lying in region 
of carotid sinus may be stimulated by 
chemical changes in blood and reflexly 
alter blood pressure and respiration a 68 
39 ■> 396 


carotid sinuses and blood pressure 168 
36- 36S 

carotid sinus reflex rc/lcx elicited by stimu 
lation of stretch receptors in walls of in 
tcmal carotid artery aids in control of 
blood pressure and thus of blood sup 
ply to braut 169 393-94 
carpals 4' 

cartilage type of connective tissue char 
acten cd by nomasculantv and homog 
cnous matrix 43 calcifid 31 clastic 
32 fibrous 3 lival nc 31 permanent 
31 temporary 31 
cartilage bone 33 cells 31 
cartilaginous d scs 43 
cats color vision in 24" decerebrate 153 
heat control mechanism in 4-3 removal 
of svnipa tin tic chants from 1-4 sense 
of smell 111 .0- svmpalhctic stnntil it 
in 17" tetanus in muscles of 7> touch 
organs in 193 


castration removal of testes 558 
catabolism metabolic processes in dissimi 
lation and release of energy 500 
catadromous referring to fishes that nor 
mally live in sea but move to fresh water 
for span nmg see salmon 
catalase enzyme causing destruction of 
hydrogen peroxide that has formed as 
result of some cellular oxidation process 

4J7 

cataleptic rigor 69 

catalyst substance capable of speeding 
chemical reaction at end of which cat 
alyst is recoverable in original form 6 
catch mechanism { see also tonus) 79 
catelectrotonus 87 
catfish chemical sense of 206 
cathode ray oscillograph instrument used 
in phvstology for dnalyzmg nerve impulse 
conduction 121 

cations positively charged 10ns (ie Na+ 
Ca+ + ) 

cauda equina mass of nerve trunks extend 
mg through lower part of spinal canal 
from base of spinal cord has appearance 
of horse tail hence its name 127 
caudate nucleus 148 
caecum 472 

cell smallest functional and structural 
living unit 2 3 25 passtm development 
of 26 27 epidermal 278 phagocytic 
274 pyramidal of cerebral cortex 142 
cell division 6 29 

cell membrane 5 cholesterol in 438 
permeability of 17 theories of 151"’ 
cellulose in animal food 433 
central toward center or origin 
central canal canal extending through 
central portion of spinal cord sec spinal 
cord 

central deafness loss of bearing due to dis 
function of auditory pathways in bram or 
of auditory center of cerebral cortex see 
deafness 

central nervous system the brain and 
spinal cord m 168 adaptation to 
stimulus of 1S9 reflex levels of 15* 54 
cenlnolc 6 

centrosome body lying beside iiuc/cus m 
some cells that forms important ttruc 
turcs for nuclear division 6 
ccntrospherc 6 
cephal n see thromboplastin 
Ceph atopoda 58 

txrclicll irn a dorsal bilobcd structure of 
metencephalon lying below posterior 
part of cerebrum functions in coord njl 


580 
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mg muscular movements, 15860, sagit 
tal section of, 103, transverse area of, 1 59 
cerebral aqueduct canal that connects 
third and fourth ventricles of brain, 148 
cerebral cortex ( see also motor cortex, sen 
sory cortex), 142, 154 55, and sleep, 167 
cerebral peduncle portion of mtdbrain that 
connects forebtain and hindbratn, 145 
cerebroside, 438 

cerebrospinal fluid fluid, derived from 
blood , that fills space bctu een arachnoid 
and pia mater, \entncles of brain, and 
spinal canal, furnishes protective cushion 
and nourishment for brain and spinal 
cord, 129, 141, 282, and headache, 201 
cerebrum largest portion of brain of mam 
mats, controls voluntary and intelligent 
actmt), is center for all sensations, and 
is also a reflex center, 150 energies 
derived from, 187, injuries to, 158, lobes 
of, 143, 144, size of, 141 42 structure 
of, 142 43 

cerumen waxhke substance formed by 
glands of external auditory meatus , 257 
cervical pertaining to neck region of body 
cheilosis symptom of nboflann deficiency, 
characterized by dryness of skm, es 
pecially around comers of mouth, where 
fissures may occur, 449 
chemoreceptors receptors stimulated by a 
chemical substance in solution, 205 12 
passim, and oxygen deficiency, 384 
chemosynthesis anabolic process in which 
energy required for synthesis is gained by 
oxidation of substances m reduced form, 
22, 432 33 

Cheyne Stoles respiration periodic type of 
respiration charactenzid by alternating 
occurrence of apnea and hyperpnea, 38.1 
chief cell pepsinogen secreting cells of 
gastric glands 473 484 
children body temperature in, 424, in 
nominate bone in 42, sleep needs of 
162, vitamin requirements of, 443 461 
Chironomus, hcmocvtes in, 274 
chitin nitrogenous substance forming mam 
portion of exoskdeton of insects, 37 
chloride shift passage of chlondc ions from 
plasma into red blood cell in tissue capil 
fanes to offset t ncrcascd concentration of 
bicarbonate tons m plasma, or from red 
blood cell m lungs to offset temporary 
shtft of bicarbonate into cell, 41921 
ehlotocruorm iron containing respiratory 
pigment in blood of some annelids, 409 
chlorophyll green pigment of plant cells 
catalyzes photosynthesis. 5 12 
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chymofrypsinogen 

chloroplast chlorophyll containing body m 
plant cells, 5 
cholesterol, 437, 496 

choanocyte flagellated cell, found tn 
sponges that creates currents to carry 
fresh water supply to organism, 51 
cholecystolimn hormone of intestinal 
mucosa that, u hen released into blood 
stream, is carried by blood to gall blad 
der, which it causes to contract, thus 
forcing bladder’s contents (via cystic and 
bile ducts ) into duodenum, 530 
cholme B complex vitamin, important in 
fat metabolism, 451 52 
choline esterase enzyme capable of split 
ting acetylcholine into cholme and acetic 
acid, 180 

cholinergic producing acety Ichohne 
cholinergic fibers, 181 
chondnosomes see mitochondna 
chordae tendmae cordltke structures at 
tached to aunculovcntncular valves that 
prevent their im erston into auricle during 
ventricular systole 339 
Chordata, 95 

chorda tympam branch of facial [month 
cranial ) nerve that mnenates submaxil 
lary and sublingual salivarv glands 
( causing them to secrete ) and tongue 
(for taste sensations), 175, 483, and 
vasodilation, 365 
choroid coat, see tunica vasculosa 
Christian, 449 

chronntm, in reticulocyte, 295 
chromatin thread 29 
chromatophore pigment containing cell 
capable of changing its shape or pigment 
arrangement, thus changing color or ap 
pcarancc of cell or animal, 23 
chiomogen, 413 
chromic pertaining to color 
chromosome special portion of cell nucleus 
that carries factors for inheritance ( see 
also \ chromosome, Y chromosome) 
and blood groups 306, in mitosis, 29 
chronaxic time that stimulus of twice rheo 
baste strength must be continued in or 
der to produce perceptible response, 

114 15 

clivmc mixture of partially digested food 
and gastric juice that passes from stom 
ach into duodenum. 476 477, 489 490, 

491, 498 , , 

chvmotrvpsin protein digesting enzyme 
produccdbt pancreas 491 
cbvmotrvpsi nogen inactive form of chymo- 
trypsin, 491 
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cilia 

cilia protoplasmic projections from cell 
membrane that are capable of rapid 
movement back and forth 51, 54 
Cthatd 51 

ciliary body specialized portion of choroid 
coat of eyeball that contributes to 
changes in lens cunature for accommo 
dation of vision 228 
ciliary movement, 50 51, 54 
ciliary muscles muscles within eyeball 1 m 
portent in accommodation of vision by 
changing cunature of lens 172 234 235 
ciliary processes 228 

circulation coronary 332, 361 62 and cx 
tmascular spaces 283 fetal 332, 336 
38, hepltic 36162 human 335 pcripli 
cral 332 pulmonar) 332, 360 361 
62 

circulators sv stein of body 33 of vertc 
brates 3.9 31 volume of and blood 
pressure 333 

circumvallntc papillae protuberances on 
posterior surface of tongue that contain 
taste buds 211 

citrin B-compfcx vitamin that contributes 
to normal condition of stalls of small 
blood tcsscls 456 

clams exactor) products of 512, eyes of, 
21" tonus m muscles of 78 
ctaviculac 41 
clitoris 559 
cloaca 353 

coagulation see blood clot t me blood coic 
illation 

eocuboxv lasc cocnivmc containing thia 
mm that acts with enztme carboxylase 
to split off carbon dioxide from organic 
acids and metabolism 416 
cochlea structure of inner car containing 
receptors for hearing 259 
cochlear canal see soli media 
coclcntcralcs (Coc/enfcrafa) cilntcd cells 
in 5: circulation m 328 contractile 
cells in 3~ digestion in 468 excretion 
in 512 fluid media in 2-3 no internal 
enuronment in 24 mitosis m 29 ncnc 
net in 109 photoreceptors m 216 re 
ceptors in 1S6 static organ m 263 266 
tangorccrptors in 191 
cochac ganglia ganglia of sympathetic 
dn iron of outline mic nerioui t)sfan 
from st Inch pot* i,angfionie fibers lead 
out to abdominal viscera 36" 
eocluc plexus i-i 

tocnrvme 1 rofirunr cr nlj inng mcotma 
mule combined with two photpha'e 
rad colt nlmw and ad«mne that func 


ttons tn hydrogen transport in cellular 
oxidations 417 

coenzyme II coenzyme similar to coenzyme 
I but containing three phosphate radi 
cals 417 
cold spots 192 

collateral ganglia see coeliac ganglia 
collateral plexus, 171 
collecting tubule tubule leading unne from 
nephron to lulus of kidney, sec nephron 
hilus 

colloid substance having as its largest con 
sfifucnf particles larger than molecules or 
extremely large molecules that remain in 
suspension, 11, 12 

colloid goiter enlargement of thjToid in 
iodine deficiency, 532 
colon see intestine, large 
color 248 249 
color blindness 247 50 
color vision (see also cone vision) doling 
Helmholtz theory of 24849 
colostrum first fluid discharged from mam 
maty g lands precedes lactation, 56S 
vitamin A in 441 

compass test in tactile discrimination, 194, 

*95 

complcmcntal air amount of air that may 
be forcibly inhaled after a normal tnspira 
tion 38S 

complcmcnhr) colors two colors that, if 
acting simultaneously on the retina ere 
ate visual sensation of white, 24S 
conclnc 207 380 

conditioned reflexes reflex activities re 
suiting from previous repeated expen 
encc ( see also reflexes) acquired or 
learned 161 62 
conductilc elements 107 8 
conduct lie svstems 105 10 
conduction heat transmission of heat 
energy by molecular vi brat ion 422 28 
passun 

conducts it) progressive transmission of 

altered condition (impulse) over cell or 
tissue " in tissues 105 
cone photoreceptor of retina concerned 
with color vision and vis on in bnght 
illumination 241 42 243 
cone vision 2464" 

conjugation temporary union of protozoa 
for purpose of exchange of nuclear, 
and sometime 1 o toplatmic material 
S5> 

conjunctiva thin rm/coui irtembiane cover 
mg cornea and inner surface of cyxhdt 
ill 
5S2 
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connective tissue cells, 9 30, 31, of striated 
muscle, 60 

constipation congestion of Haste products 
of digestion m large mtestme, associated 
with inability to defecate, 498 
contractile cells, in sponges, 57 
contractile movement, 54 55 
contractile tissue, development of, 57 
contractility ability of cells to shorten 
through internal rearrangement of mole 
cules within their cytoplasm, 7, 45 54 
contraction wave, 76, 77 
contraction period period following stimu 
fatten of muscle during winch muscle is 
actively shortening or contracting sec 
muscle contraction 

contracture condition in striated muscle 
following" long senes of stimuli, during 
which muscle shows lesser tendency to 
relax completely (see also muscle con 
traction), 72, 73 

conus arteriosus, see bulbus arteriosus 
convection transfer of heat energy from 
one molecule to another with which it 
collides, 422 2S passim 
convergent strabismus, 253 
C00L, Captain, 439 

cornea transparent anterior portion of 
tunica fibrosa of eyeball 220 223 235 
238, and glaucoma 224 
coronary circuit, 335 
coronary circulation, 360 61 
coronary flow, see blood floss coronary 
corpora cjuadrigemina four lobed structure 
on dorsal surface of mtdbram acts as 
relay center for -usual and auditory path 
nays 148 

corpus callosum firm portion of brain at 
base of cerebrum contains fibers con 
ncctmg two cerebral hemispheres 145 


Corpuscle term usually applied to cell in 
Wood stream (see also red blood cor 
pusclcs, Icitcoa tc), 27; 
corpus hitcnm yellow spherical structure 
of os ary that dctclops in vacated Craaf 
1 an follicle after ovulation and pro- 
duces progesterone 363 70 passim 
corpus strntum 148 

corresponding points points on return nor 
mally receiving identical or near Is rden 
(ical, images of usual field, :;i 252 
cortex outermost portion of a structure 
ccrrbnl, 142, and pvTanudal tract 133 
cortical region and lidncv 516 
cortm. 54b 

cortisone material prepared from adrenal 


cystic duct 

cortex that influences salt balance and 
has been used successfully m treatment 
of rheumatoid arthritis, 548 
costal pertaining to Tib 
costal cartilages, 40, 380 
Cow per s gland structure of male repro 
ductne tract that contributes to forma 
tion of seminal fluid, 555 
crabs 37, 378 

cranial nerves [see also specific nerves), 144 

craniosacral division see paras\ mpithetic 
division 

crayfish equilibrium, 266, tactile iecep 
tors 191, vision, 219 
creatine 94 350, phosphate, combination 
of creatine and phosphoric acid capable 
of furnishing considerable energy upon 
decomposition info its component parts, 
95 > 26 

creatinine, 94 504 5 ,509, 517 
crcnation shrinking of cell as occurs tn 
hypertonic solution, 309 
cretinism deficiency symptom of thyroid 
hypof unction in young children, charac 
tenzed by slow physical and mental de 
telopment 532 

cristi end organ m ampulla o' membranous 
labyrinth [inner car) containing rccep 
tors for dynamic equilibrium 68 
crossed extension reflex, 138 
crown top portion of tooth 469 
crustaceans (Crustacea), 294 378 552 
sense of smell in 207, sinus glmd in 
528 

cryptorchidism condition in which testes 
fail to dt sccnd front abdominal cauty 
usually results 111 sterility, 553 
crypts of LicbcrLuhn small intestinal gland 
that forms digestive juice of small intes 
tine 473 

erv stall me lens 229 232, 234 
ctcnophon ciliated plates in 
curare drug used to poison myoneural 
junction 60 61 
cvaiiidc 403 414 41S 
evanosts bluish coloration of skin gett 
erally associated with anoxic and stag 
nant types of anoxia due to presence of 
greater than normal amounts of reduced 
hemoglobin, 39S . 

cvclosu if naming movement of proto 
plasm as seen within plant and animal 
cells 46 

evstic duct duct through which liter sear 
tions fuss from hepatic duct to ga l blaJ 
der, 49- 



cystine 
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c] stine, 434 

cytochrome enzyme ptobablv responsible 
for find processes of oxidation in almost 
all aerobic forms of life, 414, heme in, 
411, in oxidation, 417, m pale striated 
muscle, 99 

cytochrome oxidase enzyme that con 
verts molecular oxygen to actne form 
that can combine with actne h) 
drogen of reduced cytochrome enzymes, 
418, and oxidation, 417 
cytoplasm cxtranuclear portion of cell, 
capable of accomplishing cell s metabo 
hsm, 5 

Dale, 179 
Dalton, {ohn 249 

Dalton's law any gas in mixture will exert 
same pressure it would exert in absence 
of other gases, 407 
dark adaptation, 245 
Da\ enport, 488 
da Vinci Leonardo, 332 
dead space air air filling air passagewavs in 
lung to alveolar ducts and not actncly 
concerned with gaseous exchange be 
tween ah colt and blood of pulmonary 
arteries 589 

deafness 264 central 265, middle car, 258, 
pcrccptisi 265, transmission or con 
ductnc 265 

decarboxylation process of remold of cat 
boxyl [organic acid.—COOll) group 
from a molecule 44- 

dectrcbraJc rigidity exaggerated tone of 
muscles following itifury to structures in 
hindbrain, 153 

defecation elimination of tinabsor6ed 
waste products of digestion 4S0-81 
dcfnbination 30: 

deficiency disease (see also specific uta 
nuns), 459 

deglutition act of rwat/osmig 469 
dehydration 24, :8; 
dcb)dtogcnascs, 417 

dcudnte portion 0/ neuron that conducts 
irnpn/«ei toward cell bod) m 
dcmlron tong fiber of sensory neuron 
formed bv merging of dendntes. that 
conducts n ipubet toward cell body 1 ti 
depolarization 11? 

Descartes. 129, iS; 

descending colon fatter portion of targe m 
teitme. Uadi from transverse colon to- 
ward rectum, 4-2 

diabetes mnpdus pa'ho’ogrcJ condition 
in which wood sugar ij lost from Irody 


owing to excess urine flow, which results 
when nephron fails properly to reabsorb 
water 

diabetes mellitus pathological condition in 
which, owing to lack of normal insulin 
production by pancreas, carbohydrates 
are not properly utilized or stored in 
body, but are eliminated xia urine, 545 
diabetogenic factor proposed hormone 
{ proof of existence is lacking) of pars 
glandularis supposed to diminish car 
bohydrate utilization, 539 
dnd group of two identical chromosomes 
produced in metosis, after synapsis and 
tetrad formation, when identical chro 
mosomes draw' off together prior to cell 
division, 356 

dialysis process, similar to filtration, used 
to remove certain soluble materials from 
a solution while allowing others to re 
mam in if, 15 
diapcdcsis, 316 

diaphragm muscle sheet separating tho 
racic from abdominal cavity, 385, con 
traction of, 385 

diastole period of relaxation and rest of 
heart, 336, 339, coronary flow in, 361 
dicoumarin substance found in spoiled 
sweet closer that interferes with normal 
process of blood clotting by inhibiting 
normal prothrombin production in liver 
when fed to cattle, may result in yen 
slow blood clotting process, 522 23 
dicnccplnlon portion of brain containing 
third ventricle, thalamus, and hypothata 
mus, 140 

diet, and anemia, 2gS 
diffusion movement of molecules in gas 
com or liquid state from region of higher 
concentration to one of lower conccntra 
fion, continues toward state of constant 
concentration, 1213 

digestion process of altering foods so that 
they may be absorbed into blood stream 
and heart output. 346, intercellular, 46S, 
smooth muscles in. 57, striated muscles 
■n 36 

digest uc juices 482-99 passim 
digest is t system 33, 367 4S1 
diopter unit used in measuring focal dis 
faun of lens system, equal to reciprocal 
of focal distance in meters, 233 34 
dipeptidivr enzyme capable of splitting 
dip«ptide info rfi component ammo 
acid 1 494 

dipcptwlc fubifJitce formed bv union of 
two ammo ands in peptide hntagr, 434 
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diphasic response response of gahanom 
etcr, to passage of action current over 
uninjured muscle, indicator moves first 
toward one, then toward other electrode, 
as action current passes (sec also mono 
phasic response), 84 

diphosphopjndinc nucleotide, see cocn 
zyme 

diphtheria, 320, ciliary muscles in, 234 
diploid condition in cell m which all paired 
chromosomes arc present, 556 
diplopia double \ision resulting from fail 
ure of image to fall on corresponding 
points of retina, 253 

dipotassmm phosphate, buffer action of, 20 
disacchmde carbohydrate formed by unon 
of two monosaccharides with loss of 
molecule of water, has empirical formula 
ChHuOii, 436, 482, 494, hydrolysis of, 


elephantiasis 

dynamic equilibrium sense of balance as 
it regards movement through space, 260 
dyspnea forced or labored breathing, 383 

ear, 254 69 passim, inner, 259, 267, middle, 
258 59 


distal comolutcd tubule third portion of 
nephron tubule, empties unne into col 
lading tubule of kidney, z 14 
diuresis increase of urine flow above nor 
mal, 522 23 

diuretics agents causing diuresis, 523 
divergent strabismus, 253 
dogs carotid sinus reflex in, 394, color 
\ision in, 2.47, esophagus of, 475, heat 
control mechanism of, 423, rcmosal of 
cerebrum from, 151, sense of smell in 

dorsal pertaining to back 
dorsal root nerve trunk connecting spinal 
nene to dorsal surface of spinal cord 
contains only afferent neurons, 128 
dragonfly, ommatidia in the eye of, 219 
Draper’s law light must be absorbed tn 
order to bring about chemical change 

dropsy, see edema 

ductus aitenosus vessel connecting aorta 
and pulmonary artery tn fetal circula 
tion, normally closes after birth, 336 37 

33 8 

ductus deferens, sec \ as deferens 
ductus \enosus branch of umbilical vein 
that empties into portal veir of fetus 

, 33 6 33 8 
duct of Wirsung, 543 
duodenum first portion of small intestine, 
about is m long in humans, 471, 489, 
extract of, 493, and fasting, 491 
dura mater tough, fibrous, outermost mem 
brane covcnng brain and spinal cord. 
Mi 282 

dwarfism 537, 538 
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earthworm (sec also Annelida ) eyes of, 
216, 217, moisture needs of, 205, ne 
phndiuni of, 511, oxygen transport in, 
377, reproduction in, 551, rest periods 
of, 162, sound receptors in. 254, tan 
goreccptors in, 191 

eedysis process of molting m arthropods 
tn which exoskeleton is shed to allow 
for growth of animal, new exoskeleton 
develops later, 37, 52 g 
Echmodermata (see also sea cucumbers, 
starfish) ciliated lanae of, 53, excretion 
m, 511, effect of strychnine on, no, 
oxygen transport in, 377, phosphocreatin 
in muscle of, 95, tangoreccptors in 191 
ectoderm outer germ layer formed early 
in embryonic development, giv es rise to 
skin, hair, nails, and nervous system 29, 
tissues formed from, 30 
edema condition in which there is an ex 
cessive accumulation of fluid 1 n tissue 
spaces, 2 86, 446 

eel reproduction in, 550, respiratory or 
gans of, 378 

effector structure that receives impulses 
from efferent neuron and is set into ac 
tmty as result of that stimulation, 111 
26 passim 
efferent fibers 1 59 
efferent impulses, 103 
efferent neuron neuron that carries 1 m 
pulses from nenous system toward effec 
tor structure, m 26 passim 168 169 
Eijkman 439 
Eisenbcrger, 70 

ejaculatory duct structure leading from 
vas deferens to urethra in male through 
which sperm pass to exterior, 555 
electrocardiograph instrument used to re 
cord passage of impulses over heart, 34c 
346 

electrolysis 18 

electrolyte material that, when dissolved 
dissociates into ions 18 19 
electrotonus change m degree of polanza 
tion of muscle or nene at stimulating 
electrodes during passage of elcctncal 
current through tissue, S6-87 
elements essential, 431 32 434 
elephantiasis 286 
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Elodea plasmolysis in 15 streaming move 
merit in 46 
embolism 5 ->4 

embolus (/trombus or portion of it that 
has broken and) and is curried through 
blood vessels fo some other region of 
circulatory system 3 4 
embrjo early stage in development of new 
individual when many important body 
structures are bang formed 555 565 
,66 crythrogcncsis in 194 lungs of 3S8 
in mitosis '9 

embryology study of development of am 
mats or plants 1;, 

emesis act of vorntting that is forceful 
evacuation of stomach contents through 
esophagus 478 

emmetropic eye normal eye at rest and not 
especially accommodated for viewing 
near or distant objects 255 
end brush fine endings of nerv e axon 1 1 1 
12 

endocardium 334 

endocrine glands ductless glands that sc 
Crete then substances directly into blood 
stream 527 49 passim 
endocrinology study of endocrine g lands 
their secretions and their actions 529 
endoderm inner germ layer formed during 
embryonic develop nent gives rise to 
digestive tract and associated structures 
-9 3 ° 

endogenous urea urea formed as result 
of metabolism of ammo acids within 
cells other than those of liver 504 
endolymph fluid contained in membra 
nous labyrinth of inner ear 68 281 
endolymphatic duct extension of portion 
of membranous labyrinth that connects 
sacculus and utnculus 260 
endometrium tissue lining uterus 566 
56 63 

end organs 190 198 99 
endosJceleton skeletal structures located 
internally 38 of man 39 44 notochord 
of 3839 

endosmosis osmosis rn which water flows 
into cell 14 

endostyle of tumcates possible forerunner 
of thyroid 530 

endothelium tissue lining blood and lymph 
vessels 30 349 350 352 
enervate to cut a nerve and thus separate 
a structure from its connection to nerv 
ous system 
Fngelmann 80 
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cntcroccptor receptor found m visceral 
structures 186 

cntcroLmasc cn ymc produced by tntcslt 
not mucosa that converts inactive tryp 
stnogen fo active trypsin 491 494 
Entcropncusta (Bilanoglossus), 95 
enzyme organic (protein) compound that 
/unctions in manner similar to that of 
catalyst 6 2425 89 93 41617 
eosinophil type of leucocyte granular 
cytoplasm of which takes up aad stains 
(eg cosm) 317 

cp dermis outer layer of sLin see sLin 
epididymis highly convoluted tubule lying 
in testes in winch sperm cells are tem 
poranly stored after corning from semi 
mferous tubules 554 ciliated cells in 53 
epiglottis structure that when lowered 
closes off larynx from esophagus 475 
cpimysium connective tissue binding to 
gether all fasciculi of a skeletal muscle 60 
epinephrine see adrenalin 
epiphysis region of growth by elongation 
of long bones of skeleton 537 
epithelium tissue covering outer surface 0/ 
body serves in secretion absorption and 
protection 30 ciliated 38- Leratinm 
t on of 442 

equilibrium 261 '6, 09 368 
crcpsin portion of succus entcricus that 
has a proteoly tic digestiv c action 494 
Erlanger 1 1 

erythroblast cell representing second stage 
of erythrogcncsis much hemoglobin is 
formed dunng this stage 29 5 
erythroblastosis fetalis hemolytic reaction 
of unborn or newborn child resulting 
from reactions to Rh factor 31013 
ery throeruonn iron containing resptraton 
pigment in blood of moUusks and some 
annelids 409 

erythrocyte red blood corpuscle ( see also 
red blood corpuscles) 76 287 303 
315 40 419 formation of 294 and 

Rh factor 310 selectivity of membrane 
of 309 shape of 88 type O blood 
304 and vitamin B 1 456 
erythrogenesis process of erythrocyte de 
velopment ’94 

essential amino acid ammo acid that can 
not be synthesi ed in body but must be 
furnished m diet 435 
esthes ometcr instrument used to test sen 
sitivity of skin to touch 194 
estrad ol hormone produced by ovarian fol 
h de that initiates development of en 
domefnum of uterus in preparation for 
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reception of fertilized ovum, 559, 563, 
568 

estrogens, 563 

estrone substance found m untie, similar 
m action to estradiol, 563, 566 
cstrus stage of reproductive cycle tn loner 
mammals (eg. Tat) during which ovu 
lation occurs, 562 

cstrus cjcle recurrent reproductne cycle 
in loner mammals during which changes 
take place tn ovaries, uterus, vagina, and 
mammary glands as well as in sexual 
urge, 562 

Euglena, 50, ejespot of, 185, light sensi 
bility in, 216 sensitivity of. to pH 
changes, 20 

ettpnea normal, quiet breathing, 383 
Eustachian tube tube leading frem middle 
ear to pharynx important for mamte 
nance of atmospheric pressure within 
middle ear, 258, 470, function of 258 
59 

evacuation 480 81 

excitement and blood pressure 369 and 
heart output, 346 
excretion, 34, 508 24 passim 
exercise, 91, 283 290, 346, 383, 408, 414 

15 

exocrine glands glands that secrete their 
substances into ducts which carry them 
to other parts of body, 30, 31, 328 
exogenous urea urea produced tn Iner as 
result of metabolism of ammo acids com 
mg directly from digestive tract, 504 
exophthalmic goiter enlargement of thy 
raid resulting from hypertrophy, 534 
exosLeleton external supporting skeletal 
features 37 

exosniosis osmosis in which water is lost 
from cell, 14 
expiration 388 

external anal sphincter band of striated 
muscle tissue at anal region that is re 
taxed during defecation, 481 
external auditory meatus, 237 
external ear, 256 57 

external respiration exchange of gases be 
tween air in lungs and blood of pufmo 
nary capillaries, see lungs 
exteroceptors receptors lying close to outer 
la>ers of bod> that are stimulated d« 
redly from extenor, 1S6 
extrinsic from an external source 
extrinsic factor substance m diet essential 
for normal ery thro genesis and hemo- 
globin production, 294 474 
eye, 172, 230 39, 234, 246, intraocular 


fenestra ovohs 


pressure m, 223, optical system of, 230 
39, vertebrate, 21929 
ejeball sphcncal structure containing re 
ccptors for vision and means for focusing 
light upon those receptors, 219 21, 232 
ejelids, 221 22 

ejespot photorcceptne organ or organelle 
of lower forms of life, contains pigment 
for light absorption, 1 85 
ejestram, 236 


facial nerve seventh cranial nerve, motor to 
submaxiltary and sublingual salvxary 
glands and muscles of face and scalp 
sensory to tongue for taste, 144 
facilitation accomplishment of greater re 
sponsc in reflex action, owing to stmul 
taneous application of regular and an en 
tirch different stimulus, see reflex, stimu 
Ius 

Tallopian tube structure of female repro 
ductn c trad through 11 hich ovum passes 
toward uterus, 172, 356 564 cilia in 
33 . 561 

far point most distant point from eye at 
which object may be clearly seen, 233 
farsightedness, 235 37 
fasciculus bundle of muscle fibers bound 
together by connective tissue, 59 
fasiculi, see nerve tracts 
fatigue state or condition following pro 
longed stimulation or actiuty in which 
cell or tissue is no longer capable of ac 
comphshmg its normal reactions 73 91 
93, 135, 189, and sleep 164 
fats organic compounds containing gly 
cerol combined with one to three fatty 
acids, each being added by removal of 
one molecule of water 43738, 490, m 
metabolism, 500 7 passim, in muscle, 89 
need for 431, oxidation 376, 405, pro 
duction of, 437, m protoplasm, 7 
fatty acid organic acid, generally contains 
many carbon atoms joined in long chain 


fcea? matter unabsorbed waste material of 
digest ne processes that is eliminated dur 
mg defecation, 498 
feces 497 

female ( see also man) external genitalia 
of, 559, reproductive cjcle of, 561 62, 
reproductive sjstem of 33961, sex hor 
mones of, 563 64 

fenestra ovalis oral opening through wall 
of bone separating middle ear from inner 
ear, normally covered by a membrane, 
238 
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fenestra rotunda round opening through 
nail of bone separating middle ear from 
inner car, 258 

fertilization union of ovum and sperma 
tozoan human 564 65, mammalian, 
561 

fetus mdnidual developing within uterus 
from time human characteristics begin 
to appear until parturition, 553, 567 
feser rise of body temperature above nor 
mat average, 427 28 

fibrillation uncoordinated contractions of 
muscle fibers or groups of fibers, 102 
fibrils, 51, 81, 82 

fibrin insoluble form of fibrinogen, mam 
mafenal in fibrous netu ork of blood clot, 


301, 322 

fibrinogen soluble plasma protein that 
when rendered insoluble, becomes fibrin, 

fi j a \Y,y 95 

filiform papillae protuberances on anterior 
surface of tongue probably concerned 
with tactile sensations, 211 
filtration process of removing particulate 
matter from fluid by letting fluid pass 
through semipermeablc membrane, 519 
20 

fimbriae finger like extensions from in 
fundibulum of Fallopian tube, 561 
fingers bones of, 42 

fish, 37 38, 39 84 205 6, 222, 226, 243, 

2 54 5 2 9 3°> 379. 444* 5*3- oviducts in, 
561 remosal of cerebrum from 151, re 
production in, 553, respiratory organs of, 
378 sclera of 220, urine of 522, vision 
in, 231 232 

fission dnision of cytoplasmic and nuclear 
components of cell into two portions, 
thus enabling new individual to be 
formed 2729 yyo 

fissure of Rolando infolding of upper sur 
face of cerebrum separating frontal lobe 
from parietal lobe, 142, 155 
fissure of Salvius, 142 
fistula artificially produced external open 
mg of digestive tract, 485 
flaccid paralysis limpness of muscle due to 
m/ur) of motor nerves leading from 
spmal cord to muscle, 101 
flagellum, see cilia 
flagellate, ejespot in, 216 
flame cell ciliated cell found m excretory 
canals of lower invertebrates that func 
tions in movement of excretory fluid (re 
sembles flickering candle flame when ac 
five), 52 


fiatworms, 47, 191, 216, 217, 218, 274, 377 
fhvoprotcin cocnzvmc containing nbofld 
vm Ifiat aids hydrogen transfer from one 
particular molecule to another in certain 
phase of cellular oxidation, 416, 417, 
449* 4 *° 

Hetclicr, 89 

flexor reflex spinal reflex resulting in with 
drawal of Umb from stimulus, 137 
flexure folding of linearly arranged seg 
mcnis of brain that enables brain to fit 
into cranial CdVltv, 141 
fluid media, 273 86 

fluid circulation, dcsclopmcnt of, 327 33 
focal distance distance between principal 
focus and center of lens svstem, 233 
folic acid water soluble material, con 
sidcrcd as I) complex vitamin, having 
some value in treatment of certain types 
of anemia 455 
follicle, sec Graafian follicle 
follicle stimulating hormone hormone of 
pars glandularis that causes development 
of mature reproductive cells, 537 38, 564 
food, 431, 432 

foramen os ale opening bet n ecn auricles of 
fetal heart, normally closes by end of first 
) ear of life, 336 338 

foramina of Monroe openings connecting 
first and second ventricles to third van 
trtcle of brain, 47, 148 
forearm, bones of, 42 
forebratn cerebrum and dtcnccphalon, 140 
fosea centralis depressed center of macula 
lutea most sensitive portion of retina 
-4°* 2 4 2 

fraternal twins twins each developed from 
single ovum and each fertilized by single 
sperm, 567 

Friedman test test for pregnancy in which 
injection of urine of pregnant woman 
into young a irgm rabbit, causes bleeding 
spots m rabbits ovaries, 566 
Fntsch, 155 

frog, 23, 6061, 100, 179, 205, 231, 243, 
2 5 5, 379, 380 531, 553, gastrocnemius 
muscle of, 63 64, 67, 68, 75, 220 
frontal lobe most anterior portion of cere 
brum, 143 
fructose, 436 494 

rSH, see follicle stimulating hormone 
Fulton 83 

fundus large domelike enlargement tn up 
per re g on of stomach, 470 
fungiform papillae protuberances on pos 
tenor surface of tongue containing taste 
buds, 21 x 
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gonadotrophic hormones 


funiculus column of myelinated axons i n 
spinal cord generally carding impulses 
to or from particular peripheral portion 
of body, i 32 
FunL, 440 
fuscm, 246 

galactose, 494, 498 
Galen 129, 331 

gall bladder small sacltke structure lying 
close to liter, acts as temporary reservoir 
for bile, 172 497 
Galt am 83 

galvanometer instrument used m phys 
tology to measure flow of electrical cur 
tent and passage of action current over 
(issue. 85 

gamma globulins 276 

gases laws governing diffusion of, 406 7 

Gasser, 121 

gastric pertaining to stomach 
gastric gland small tubehke gland of 
stomach mucosa that secretes digests c 
yuices of stomach, 484 
gastric jmcc and its function, 483 84 
gastric secretion control of, 48 5 87 
gastnn hormone of gastric mucosa, evi 
dcnlly produced in presence of food (es 
penally proteins) and stimulating gastric 
g land secretion , 483 87 
gastrocnemius muscle muscle of lower leg 
or calf muscle sec frog gastrocnemius 
muscle of 

gastroco’ic reflex strong peristaltic more 
ment of large intestine that acts to force 
material on toward rectum is initiated 
as result of food intake into stomach, 480 
gastrointestinal mucosa hormones of, 530 
gastrointestinal tract (sec also intestine 
stomach), 47274, and adrenalin 547 
gastrula stage m embryonic development 
consisting of double la ) ered spherical 
structure, 29 

gel the more t iscous condition of a colloi 
dal si stem, 12 

gene hypothetical factor mtlitn nucleus of 
cells that determines certain characters 


gaseous exchanges between environment 
and blood , 378, 379 

gland ( sec also specific glands) cells of, 9, 
26, lacrimal, 222, mammary, 568, reflex 
activity of, 131, sweat, 172, 174, 427 
glans penis, 200 

glaucoma condition of excessive pressure 
ni thm eyeball due to accumulation of 
aqueous humor, 224, 234 236 
gliding joints 44 
glabra 292 409 

globulins proteins of blood plasma (wav 
be in form of antibodies) , 276 
glomerular filtration 518 521, 544 
glomerulus tuft of blood capillaries in 
center of hlalpigjuan body of kidney 
from which materials filter tnto Bow 
man s capsule, 514 516, 523 
glossophaiy ngeal nert e ninth cranial nen e, 
motor to parotid salivary glands arid 
muscles of throat, sensory to tongue arid 
pharynx for taste, 176 
glucose common carbohydrate having far 
mula C c H n O s 436, 494, 498, and ad 
renalin, 548, in blood 544 in metabo 
hsm, 25, 506 oxidation of, 376, reabsorp 
tion of, 520 21, and wall of capillary, 3 50 
glutathione, 416, 417 

gljceiol 457. 49S 

glieine. 454 

glycogen carbohydrate composed of mam 
glucose units joined together senes a! 
source of energy for metabolism of mam 
animal tissues, 73 91, 93 and glucose 
437, in liter 495, in metabolism 506 
gly cogenesis process of glycogen forma 
tion 506 

glycogenolysis 172 

glycolvsis breakdown of glycogen to glu 
cose 306 

gly cosun 1 appearance of glucose in urine 
;°6 5-, 54445 

glycotioplnn proposed hormone ( proof of 
existence is lacking) of pars glandularis 
supposed to decrease conversion of glu 
cose to glycogen 539 

goiter enlargement of thyrotd gland, 532 


of individual, 29 „ 3? , , ,, , , , 

genitalia 176 female, 559, 560. male, 553 Golgi bodies cell inclusions possibly ftmc 
__ (lonmg in secretion 6 197 

Gerard 124 gonads primary sex organs, structures m 

gest 1 tion 'period of pregnancy 566 " h,ch reproductive cells arc produced 

gigantism excessive growth that results in testes in male ovaries in female 530 
young individuals from excessive produc 5-19 

tion of somatottophm 537,538 gonadotrophic hormones luteinizing fol 

gills externa! respiratory structures of f‘ c ^ c stimulating and lactogenic nor 
aquatic animals through which occur ^ moncs 539 564 
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gonadotrophins, 566 

Graafian follicle structure within ovary in 
which single mature ovum is developed, 
560 61, 563 
Graham, Thomas, 11 
granulocytes, 317 
grasshopper, 38, ,54 
Grave’s disease, see exophthalmic goiter 
gray matter portion of brain or spinal cord 
having gray appearance owing to absence 
of myelinated axons, *32, s^2, 150 
gray ramus commumcans portion of path 
way of sympathetic division of auto 
nomic nervous system, contains only 
nonmyelinated axons, 17 1 
groundhog periodic breathing in, 384 
growth process by which cell or organism 
increases in size through assimilation of 
food substance, 7, by accretion 431, by 
intussusception 431 
gullet, 470 

hair cells, of car, 263 
Hales, Stephen 353 
halibut liver oil, 441 
haltcrcs 267 
Hamm, 555 
hammer see malleus 
hand, bones of, 42 

haploid condition wj thm cell after maosis, 
when if contains one half normal num 
ber of chromosomes, 556 
Hartlme 124 
Haney William, 332 33 
Haversian canals special canal system 
within bone through which blood and 
lymph vessels and nenes may enter, 33 
headache, 201 

heanng resonance theory of, 264 
heart (see also cardiac cycle, isometric con 
traction) 334 47, amphibian, 330, car 
diac cycle in, 339 42, crustacean 343, 
diseases of 346, 383, 384, failure of, and 
anoxia 403, fibers received from nerve 
divisions 177, human chambers of 334, 
human valves of, 338, law of the, 346 
47, reptilian, 331, vertebrate, excision of, 
342 

heartbeat and adrenalin, 547, and auto 
nomic nervous system, 169, feta!, 341, 
rate of, 415, rate of, in human heart. 
340, regulation of, 342 43, in sleep, 163 
heart block condition in which impulses 
do not spread m normal fashion over 
heart, so that normal relation of auncu 
lar to ventricular systole is altered, 346 
heat death, 21 


heat, and energy, 50a 
heat loss, mechanism of, 425 26 
heat production, 91 93, 424 25 
heat regulator} system, 422 28 
heat spots, 192 
heatstroke, 42S 

hehcotrcma region at apex of cochlea 
where scale vestibuh and scala tympanr 
meet, 264 

Helmholtr, 62, 75, 120, 264 
licimtinic factor, sec antianemic factor 
heme, 292, 409 

hemerythnn iron containing respiratory 
pigment in blood of polychaetes and 
some annelids, j j 1 
hem in chloride of heme, 292 
licmococlc, 274 

htmocynmn copper-containing respiratory 
pigment m circulatory fluid of crust a 
ccans and some mollusks, 294, 378, 411 
lieinocytc blood cell, 274 
hcmocytometer instrument used to dc 
tcrminc number of hemocytcs m blood, 
289 

hemoglobin oxygen carrying pigment of 
vertebrate erythrocyte, gives blood its 
red color, 21, 288, 291, 292, 293, 296 
401, 406, and anemic anoxia, 402, and 
capillary wall, 350, in chloride shift, 420, 
and cyanosis, 398, molecules of, 292, 
409, and oxygen, 292, photoelectric 
colorimeter for counting, 293, reduced 
406, Sahli and Dare method of count 
mg, 293, Tallquist method of counting. 
=93 

hemoglobinuria appearance of hemoglobin 
in urine, 516 

hemolymph circulating fluid of annelids 
and mollusks, 274 

hemolysins substances causing hemolysis, 
310 

hemolysis freeing of hemoglobin from 
erythrocytes by their disintegration, 291, 
308 10 

hemolytic jaundice jaundice resulting from 
excessive destruction of red blood celts, 
, 497 

hemophilia inherited condition m which 
blood shows very slow clotting reaction 
3 = 5=6 

hemorrhage and anemia, 298, effects of, 
300 1, and shock, 363 
Henle s loop middle, U shaped portion of 
nephron tubule, 314 521, 522 
Henning, 209 

Heniy s law at constant temperature, 
amount of gas dissolved in solution is 
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hyperchlorhydrio 


proportional to partial pressure of that 
gas upon solutions surface , 407 
heparin material found in liver and other 
tissues that acts as an anticoagulant 
( probably locally m small blood vessels, 
in particular), 302, 323 
hepatic circulation, 361 62 
hepatic duct duct through which secre 
tions flow from Iner toward bile duct , 
497 

HermgBreuer reflex reflex important m 
controlling depth of normal inspiration, 
169. 392-93 

hermaphrodite animal possessing tissues 
capable of forming both male and female 
types of germ cells, 551 
hexose sugar having six carbon atoms m 
its molecule and empirical formula 
C„H„ 0 „ 436 

hexosephospnatasc enzyme active in gly 
colysis, 93, 94 
Hill, A V , 91, 93 

hilus central cavity of kidney into which is 
emptied urine formed by nephrons, 51 3 
hindbrain lowest portion of brain, consist 
mg of the pons, cerebellum, and me 
dulla, 140 
hinge joints, 42, 43 
hippunc acid, 495, 509 
Hippocrates, 154, 331 
hirudin anticoagulant found m salivary 
glands of leeches and other blood suck 
ing animals, 302 

histamine chemical produced by injured 
tissues, or tissues subject to some sort of 
jmfdfion, may account, m part at least, 
for shock onset, 35 x » 3 ® 4 * 4“7 
His Taivara bundle specialized mycar 
dtum that conducts impulses through 
septum of heart, 344 

histotoxic anoxia condition wherein tissue 
cells fail to use oxygen delevered to them 
bv blood stream, 397, 403 
Hiteig, 155 

Holmgren matching tests test for color 
vision acuity, 250 
homeostasis, 175 

homoiotherm warm blooded animal or 
one capable of maintaining constant 
body temperature, 290, 422, 423 24, 
my grams of, 62 

homunculus theory early theory regarding 
nature of sperm cell, supposing that 
ivithm head of sperm was enclosed mi 
nutc human that m turn, possessed 
smaller sperm, these in turn containing 
smaller humans, ad infin , 555 


honeybee, reproduction, 552 
Hooke, Robert, 5 
Hopkins, F G , 440 

hormone chemical substance produced by 
cells or glands that, when released into 
circulation, is earned by blood to other 
cells or tissues, where rt causes alteration 
of activity (see also humoral), 527 ff, 
and blood, 275, effect of, on blood pres 
sure, 370 71, and endocrine glands, 542 
49, female sex, 563 64, lactogenic, 570, 
male sex, 558 59 and vasomotor activ 
ity, 370 

hormone system, 106 
horseshoe crab (Limulus), 124 2; 

Howell, 323 

hue attnbute of color enabling red, green, 
blue, etc, to be identified, function of 
light wave length, 248 
humans, see man 
humerus, 41 
humidity, 284 

humoral pertaining to hormone 
humoral action, and shock, 364 
humoral stimulation, 486 
hunger, 202 4, 477 78 
hyalin area clear, nongranular area of 
protoplasm, 4S 

Hydra amoeboid movement in, 47, circula 
tion in 328, contractile cells in, 57, 
flagellated cells in, 52, mitosis in, 29 
modification of behavior in, 107, repro 
duction in, 551, 532, tangoreceptors in 
191 

hydrocephalus enlargement of brain and 
skull in very young children due to ac 
cumulation of cerebrospinal fluid within 
ventricles of brain, 282 
hydrochloric acid, 488 production of 487 
88 

hydrogen, 19 432, m cytocliromc-cy to 

chrome oxidase mechanism 418 m 0x1 
dation, 417 
hydrogen 10ns, 19 
hydrogen potential see pi l 
hydroly mph circulating fluid of echtno 
derms 273 74 

hydrolysis chemical process in which sub 
stance is split by addition of water, 24 
434 482, 490, in vitro, 25 
hydrostatic effect 359 
hydroxrl ions 19 
hvpcracidih, 4S9 

hypercalcemia excessively high level of 
blood calcium, 322 

hypcrchlorhv dria hyperacidic condition in 
stomach 4S9 
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hyperglycemia 

hyperglycemia, 178, 521, 54445 
hypennsulinemia, 149 
hyperinsulism condition, resulting from 
excessive production or administration of 
insulin, m which blood sugar level is 
greatly reduced, coma or even death may 
follow, 546 

hypermctropia farsightedness, inability to 
sec objects clearly at relatively short 
distances, 235 37 
hyperopia see h\ pcrmctropia 
hyperplasia increase tn cell numbers, 534 
liyperpnca increase in air breathed per unit 
tune as result of increased depth of 
breathing, 383 

hypertension condition »n which systolic 
blood pressure is at persistently high 
l<ncl 356 57 

hyperthyroidism 504 534 and heart out 
put 346 and high blood pressure 357 
h\pcrtomc solution so/ufion that will exert 
diffusion (osmotic) pressure greater than 
that of both fluid or intracellular con 
tent with which it mil be associated, 

* cells in hypertonic solution mil shnnfc as 
water is withdrawn 15 309 
!u pert rophy increase m size, 342 
hypochlorlndna subnormal and secretion 
by parietal cells of gastnc glands 4S9 
hypoglossal nenc twelfth cranial nerve 
motor and sensory for tongue, 144 
hvpopiratliv roidism 53; 
hypophysis sic pituitary gland 
livpoprotbrombincnm hemorrhagic dis 
case characterized bv low blood pro 
thrombin level 46; 

hypotension condition in which svstohe 
blood pressure is at pcrsistcntlv low level 
3? 6 57 

hypothalamus floor of third ventricle of 
brain 149 426 sleep control hv 167 
and vasomotor reflexes 368 69 
livpothvroidism 346 504 532 34 
livpotonie solution solution that will exert 
diffusion (osmotic) pressure less than 
that of bodv fluid or intracellular con 
tent with which it will he associated 
cells in hv pot awe solution mil tale in 
water and tweW 15, 308 
hypotony 160 

icterus tee jaundice 

identical twins twins developed from same 
ovum fertilized by single sperm 567 
flcocaccal sphincter see ileocolic splmictn 
ileocolic sphincter valvxlike structure 
found between ileum and caenim pre 
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vents passage of material from large in 
testme into small intestine, 472, 479 
ileum last portion of small intestine, being 
about 12 feet long m humans, 42, 471, 
muscular paralysis in 101 
immune bodies and defense of blood, 319 
immunization 320 

impulse physical and chemical changes of 
irritable state that arc transmitted, in 
uavchLc motion over cells or tissues fol 
lowing stimulation, sec cell, muscle 
nerve impulses 

inadequate stimnlus unusual stimulus to 
sense organ that is effective but not tn 
terpreted correctly, iSS 
incisor tooth, especially for cutting of 
which there are 4 in each jaw, 469 
incus second of scries of three small bones 
that transmit sound vibrations across 
middle car, 258 
indole 498 
indole nuclei, 435 
inductonum 62 
infantile paralysis 101 
infective jaundice see toxic jaundice 
infants blood volume of, 277, body tem 
perature in, 424 lungs of stillborn, 388, 
micturition w 524 rennin in 484, 
vitamin A and 441 vitamin K and 46; 
infection 319 

mfenor mesenteric plexus 171 
influenza, 234 

infrared rays light of long nave length 
that is invisible but creates sensation of 
heat, 213 

infundibulum I allopma funnel shaped 
end of ralloptan tube lying over ovary 
infundibulum pituitary’ staff: connecting 
Pituitary gland to brant, 536 
inherent pathways, see nervous svstem 
inner car portion of car m which arc 
found receptors for sound and for cqm 
hhnurn 260 

innervate to be connected to a nerve 
inorganic salts in muscle 89 in proto 
plasm 7 

inositol B complex vitamin deficiency of 
which results in loss of hair by mice 
mav be concerned with normal fat me 
tabohsm, 456 
inositc in muscle, 89 
insects clnttn of, 51: circulators svstem 
tn 329 cedysis m 528 equilibrium 
organs m, 167 cxosVclcton of, 37, eves 
of 2iS. Ivmpli in 274 muscle contrac 
tion period m 6; reproduction in, 550 
sense of smell in so- taste end orgim 



GLOSSARY INDEX 

m, 210, temperature sense in, 197, tet 
anus in muscles of 75, touch organs in, 
191 

insertion moxablc point at which muscle 
ts attached, 100 

inspiration ( see also lungs, respiration), 
381 

insulin hormone produced by cells in islets 
of Langcrhans of pancreas, function is 
to regulate carbohydrate metabolism in 
body, 543, 54346 
integument 24 

intelligence, and organism, 157 
intensity property of sound that depends 
upon force mth which air ubrations 
reach ear, 188 

internal anal sphincter thickened circular 
layer of smooth muscle fibers at anal 
region that by constriction , normally re 
tains material in rectum but is involuntar 
ily relaxed during defecation, 480, 481 
internal respiration gaseous exchange be 


jellyfish 

invertebrates arginine phosphate in, 05 
circulatory system of, 32729, color 
vision in, 246, digestion in, 467*68, e\ 
cretion in, 510 12, hormone production 
in, 527 28, muscle contraction in, 6S 
respiration in, 377, respiratory pigments 
in, 409, sound receptors in, 254, static 
organs 26;, temperature sense in, 197, 
tonus in 78, vision in 231 
in vitro outside of body 
in vivo in natural environment within 
body 

mv ohm tan muscle, see muscle, smooth 
ion electncalh charged (positively or 
negatnely ) particle formed when some 
substances are dissolved, 116 
ins colored anterior portion of eyeball that 
regulates amount of entering light and 
anterior cant), 223 24, functions of 
22;, innervation of, 227 28, structure of 
224 

iron daily requirement of, 206. deficient 



joints 

joints (see also specific joints) , 42 44, pro 
pnoceptors of, 19697 

keratinization conversion of epithelial tts 
sue to tough tissue [keratin), such as 
that making up nails and hatr, 442 
ketogemc factor proposed hormone ( proof 
of existence is lacking) of pars glandu 
Ians supposed to increase fat metabo 
hsm, 539 

ketone organic compound containing — 
CO — group, 2i2, derivatives of, 435 
kidney excretory organ of lertebratcs, 523, 
blood and nerve supply, 516 17, and ex 
cietion 513, excretion of hemoglobin by, 
409 functions 517, and factors affect 
mg filtration in 519 20, gross structure 
of 513, lack of protein filtration in 318, 
microscopic structure of, 513 15 
kilocalorie 1000 calones, 501 2 
Kleitman 164 
knee jerk see patellar reflex 
Krauses end bulbs specific receptors for 
sensation of cold, 197 
Krause s membrane internal membrane 
in striated muscle fiber and perpendicular 
to it divides fiber into sarcomeres, 81 
Kupfer cells in liver, 495 
kymogram record prepared by using kymo 
graph 62 

kymograph instrument for recording mus 
clc contraction or other data, on moving 
surface, 61 

labor see parturition 

labyrinth name sometimes applied to inner 
ear, both bony and membranous, 259 
lacrimal pertaining to tears 
lacrimal canal canal draining tear fluid 
from eye into nasal canty, 222 
lacrimal glands 222 

lactase enzyme capable of splitting lactose 
into one molecule of glucose and one of 
galactose 494 

lactation flow of milk from mammary 
g lands, 567 68 

lacteal small lymph vessel originating in 
intestinal villus, 280 

lactic acid acid formed m tissues as result 
of anaerobic decomposition of carbo 
hydrate, 90-9 1,94 in muscle contraction 
89, 9394 oxidation of, 377, 416, and 
respiration, 396 
lactoflaun see riboflavin 
lactogenic hormone hormone of pars 
glandularis that causes milk secretion 
from mammary gland, 539 
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lactose, 494 

lacuna space in matrix of cartilage or bone 
that contains a living cell, 33, of carti 
lagp, 31 

laked blood blood m -which erythrocytes 
have been disrupted and hemoglobin lost 
into plasma, 291 
Landsteiner, 303, 310 
Langlev, 168 

large intestine enlarged, tubehke extension 
of digestive tract, about 5 feet long in 
humans, sec intestine, large 
larynx voice box, cartilaginous enlarge 
ment at top of trachea containing vocal 
cords, 380, 475 

latent penod period immediately follow 
mg application of stimulus before re 
spouse is detected, see muscles, nerves 
law of the heart Starlings law, as it ap 
plies to the heart the greater degree to 
which ventricles are filled with incoming 
venous blood, the greater is force of their 
systole, 34647 
lead acetate, and taste 2x2 
lead colic, and high blood pressure, 357 
learning, and conditioned reflexes, 162 
lecithin 437, 496 

lens structure of eye capable of refracting 
light so that u IS brought to point of 
focus on retina, 221, 233, corrective 
23639 

lenticular nucleus 148 
lethargic encephalitis, 167 
leucocyte colorless blood cell, 47, 276 
314 26 passim, lymphocyte, 317, mono 
cyte 317, polymorphonuclear, 317, rate 
of locomotion in, 49 

lcucocj tosis increase tn number of leuco 
cytcs above normal, 318 
leucopenia condition in which number of 
leucocytes tn blood ts abnormally low, 
318 

leucoplast colorless cell inclusion, 5 
leukemia condition m winch leucocytes 
may increase m number to as many as 
250,000 per cubic millimeter, 318 
LH, see luteinizing hormone 
ligaments 43 

light, 214 15 refraction of, 214, relation 
of, to living substances, 22 23, white, 
213, 214 

light receptors 2x3 29 
light reflex, 226 

hpasc enzyme capable of splitting fats into 
glycerol and fatty acids, 484 494 
lipoid fathke substance, 437 38, in sar 
comcrcs. 81 
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man 


liver large organ, located in upper portion 
of abdominal cauty, that carries on 
many important functions concerned 
with metabolism of foods, 472, 495 96, 
m embryo, 495, as excretory organ, 512, 
and gall bladder, 496, glucose in, 544 
liver oils, 244 

living matter criteria of 8, physiological 
properties of, 7 8 

living substance, 915, relation of chemi 
cals to, 24, relation of light to, 22 23, 
relation of pressure to, 23, relation of 
temperature to, 21 22, surface tension 
of, 9 

living systems, 18 24, pH of, 19 20 
loading tension partial pressure of gas re 
quired for respiratory pigment in solu 
tion to carry 95% of its total capacity 
for that gas, 408 9 

lobster gills of, 378, touch organs in, xgi 
lobule, 368 

locusts, sound reception in, 254 
Loewi s experiment, 179 80 
longitudinal fissure deep infolding of sur 
face of cerebrum, extending from front 
to rear and dividing cerebrum into right 
and left hahes ( hemispheres ), 142 
longitudinal muscle fibers, 473 
low blood pressure, see hypotension 
lugworm (Aremcola), respiratory pigments 
in, 412 

lumbar pertaining to lower back region 
lumbar puncture, 282 
lumen central cavity of blood vessel duct, 
or air or digestive passageway, 470 
Lundsgaard, 95 

lungs internal body structure if animals 
through which occur gaseous exchanges 
between environmental air and blood 
379 82, changes in 389, chloride shift 
m, 420, heat loss through 425, pressure 
changes m, 386 87, ventilation of, 389 
90, vital capacity of, 388 
lung reflex, see HenngBreucr reflex 
luteinizing hormone hormone of pars 
glandularis that stimulates production 
of male sex hormone in testes and of 
one female sex hormone (progesterone) 
in ovary, 538 39 

lymph fluid of body derived from tissue 
fluid and earned bv lymph vessels to be 
emptied finally into largo veins near 
heart, 27J 27781, to cornea 223 
lymph capillaries 277 280 
lymph glands, 281 

lymph nodes structure of lymph system 
through which fluid flows and in which 
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foreign particles may be removed, 280, 
281 

lymph system, diagram of, 279 
lymphatic tissue, 274 
lymphatic vessels, 277, 479 
lymphocyte type of leucocyte formed in 
lymph nodes, spleen, adenoids, and ton 
sils, 318 

macrophage large, highly phagocytic leu 
cocytc frequently, but not always, sta 
tionary in a tissue, 315 16 
macula end organ in sacculus and utncu 
lus of inner ear, contains receptors for 
static equilibrium, 268, 269 
macula luetea vellow spot in retina op 
posite pupil, 240 
Magendie, 129 
magnesium, 89 
magnesium salts, 50 
magnesium sulfate, and blood, 302 
malarial parasite, and erythrocytes, 310 
male (see also man ) gonadotrophic hor 
mones in, 559, red blood corpuscle 
count of, 290, reproductive system of, 
555 55> sex hormones in, 558 
malnutntion, and heart output, 346 
malleus first of scries of three small bones 
that transmit sound ibrations across 
middle ear 258 

Malpighian body portion of nephron into 
which materials are filtered from blood 
stream, 514 

Malpighian tubules mam excretory struc 
ture of insects, 512, 513, 518 
maltasc enzyme capable of splitting mal 
tose into two molecules of glucose, 491 
494, tn saliva, 483 
maltose, 494 

mammals (see also man) accommodation 
of eye in 231 32, carotenes ill, 441, cere 
bellum in, 1 59, conditioned reflexes and 
162, contraction period in, 65 excretion 
m, 312 13, heart and circulation in 331 
heartbeat rate in 340, intrapleural pres 
sure in 38-, lower, estrns cycle in 562, 
pH changes in, 20, removal of cerebrum 
from, 151, reproduction in, 553, sclera 
of 220 sense of hearing in, 255 sleep 
and 161 speed of nerve impulse in 
121 thalamus in 134 vision in 246 
man (sec u/so adults children fcirnlc male 
mammal) accommodation of eye in, 

232 3; artificial respiration on 390, 
cerebellum in 1 39, and cerebral cortex, 

153, chemical sense in, 206, ealuted 
cells in 53 endovlclcton of 39 cxoslcle 
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man (continued) 

ton of 38 in|uiy to motor areas in, 157 
motor areas of 156 oudatroi in 376 
respiration of at birth 588 sense organs 
m 19' systolic pressure of 355 taste or 
gans in sto tidal mr of 389 water loss 
from bod) of 285 vital capacity of 
388 

manometer 353 
manubrium 40 

mark time reflex spinal reflex in which 
follovwg a normal flexor reflex Itmb on 
opposite side of body responds similarly 
thus producing walking motion 138 
mass peristalsis 480 
\Iast 48 

marrow central spongelthe portion of 
bone ’95 

mastication act of chewng 469 
Mastigophora ciliated cells in 51 
mastoiditis 59 

matrix intercellular substance of conncc 
five tissue 31 
Matteucci 74 

matter optical properties of 215 
maximal stimulus stum his of such mten 
sity as to cause strongest possible re 
spouse 63 
McCollum 440 

medulla central portion of a structure 
of adrenal 172 175 

medulla of brain loi est portion of bram 
controls most baste functions carbon 
dioxide and 396 dt. pressor fibers of 
367 68 direct chem cal stimulat on of 
394 and parasympathetic nerves 169 
pressor fibers of 367 68 respiratory cen 
ter in 137 393 394 397 swallowing 
center in 476 vasoconstriction center of 
365 v asodi la tor centers of 365 
medulla oblongata 14, 
mcdullated neuron neuron whose axon pos 
sesses my elm sheath 114 
megakaryocytes 3 o 

megaloblast cell representing earliest stage 
in enthrogenests possesses nucleus and 
precursors for hemoglobin formation 
295 

Meibomian gland gland of eyelid secre 
frons of which normally lend to prevent 
tear fluids from fiov ing out over eyelid 

meiosis type of cell division in which num 
ber of chromosomes is reduced by one 
half one of pair of chromosomes going to 
one daughter cell other chromosome of 
pair going to other daughter cell 27 ’9 
556 557 


Meissner s corpuscle specific receptor sen 
mg sense of touch 192, 199 
Meissner s plexus 474 
mcJanophore chromatopbore containing 
pigment melanin 23 
melanin 23 

membrane semipcrmeable 13 synovial 43 
membranous cochlea 261 
membranous labyrinth 2 59 
menadione synthetic wafer soluble vitamin 
k substitute 464 

Mcndehan hw and Rli factor 311 
menopause stage during which reproduc 
tnc cycle of female becomes progres 
sncly irregular and finally ceases alto 
gether reproduettse function and men 
situation arc discontinued 56’ 
menthol 199 
mercaptan 208 

mesencephalon middle portion of bram 
hidden by cerebrum containing reflex 
pathw ay s concerned w 1 th basic fi notions 
471 

mesentery folds of peritoneum containing 
blood and lymph vessels and nerves lead 
mg to stomach and intestines 4-' 
mesoderm middle germ layer formed in 
embryonic development gives nse to 
striated muscle and skeletal structures 
=9 5° J8 

mesonephros type of excretory and os 
moregulatory structure of fishes and am 
phibians in which tin) tubules collect 
fluid directh from body cauty and also 
receive materials filtering front ad/acent 
blood capillaries 513 
metabolic water wafer formed in body as 
result of oxidation of food substances 
18, 

metabolism sum total of all activity ac 
comphshed by living organism 7 433 
5007 carbohydrate 5056 cellular 415 
coenzymes in 416 determination of 502 
fat ,06 7 of foods 500 and liver 495 
of nerve 12, 4 protein 504 5 and 
thiamine 447 vitamins in 416 
metabohte food substance or infermedi 
ate product in senes of reactions during 
which food is broken down to furnish 
energy sec metabolism 
metacarpals 42 

metamerism of spinal cord 132 
metanephros type of excretory and osmo 
regulator) structure found m mammalian 
kidney all waste products enter meta 
nephros hi filtration from blood stream 

5*3 

metatarsals 42 
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metozoa, 26 27, photoreceptors in, 216 
metenccphalon portion of brain, consist 
mg of pons, cerebellum, and nerve 
fibers, that associates these with other 
portions of central nervous system, 140 
methemoglobm form of hemoglobin, re 
suiting from presence of nitrites or chlo 
rates, in which iron is converted to ferric 
form and cannot combine with oxygen, 
406 

methjlguamdine acetic acid, 94 
MetschmLoff, 3x5 
Mejerlioff, Otto, 91, 93 
micella, 16, 17 
micrometic equivalents, 11 
micron unit of linear measurement equal 
to 001 millimeter, 11 
microphage small phagocytic leucocyte 
found in ctrculattng blood, 313 
microrespirometer 124 
micturition act of elimination, or voiding 
unne from urinary bladder, 523 24, 
striated muscles in, 56 
niidbrain (see also mesencephalon), 140, 
MS* J 75 

middle ear portion of ear lying vuthm 
cavity of temporal bone and containing 
structures between tympanum and round 
and oval windows, 258 59 
migraine, 201 

milk cow’s, 570, human, constituents of, 
57° 

minerals, need for, 431 
minimal air air remaining trapped within 
lung ah eoh by collapse of bronchioles 
after lungs are removed from body, 388 
minimal stimulus stimulus of just suffi 
cient intensity to cause responx, 63 
Minot, 297 
miscarriage, 564 

mitochondria cell inclusions m shape of 
rods or granules, possible function in 
secretion and oxidation 6 
mitosis normal process of cell division, in 
which each chromosome is duplicated 
before division so that each daughter cell 
contains same nuclear components as 
did parent cell 27 29, and cr\throc>tes, 
296 

mitral \ahc see bicuspid valve 
modality conscious difference between two 
sensations (eg. taste and sound), 188 
modiolus born central core of labvrtnth 
(inner ear) around which scald media 
is wound 261 

mohr tooth, especially for grinding 0/ 
which there are 6 in each jaw, 469 
molecular movement movement of ex 
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Muller's doctrine 

tremely small (microscopic^r submicro- 
scopic) particles due to movement of 
surrounding molecules, 43 
Moll glands, 221 

MoIIusks (Mollusca) accommodation of 
eje in, 231, 232, blood pigment in, 294 
ciliated cells in 53, and copper, 432, 
cross striated cells in, 58, excretion in, 
509, ejespot of, 217, hemoglobin in 
274, photoreceptors in, 216 17, tonus in 

78 , 

monochromatic vision, see color blindness 
monoevte type of phagocytic leucocyte 
possessing clear, nongranular cytoplasm, 
probably formed in reticuloendothelial 
system, 318 

mono lodoacetic acid, 95 
monophasic response response of galva 
nometer to passage of action current 
over injured muscle or nerve, indicates 
that action current passes only to point 
of injury, 85 86 

monopodal forms (amoeboid), rate of loco 
motion in, 49 

monopotassium phosphate, buffer action of 
20 

Monroe, foramina of, see foramina of Mon 
roe 

monosaccharide (sec also hexosc), 436 

49>* 5°> , 

mosquitoes, color vision in, 246 
Moss, 303 

Mosso Howell theory, 16; 
moth sense of smell in, 207 
motor cortex portion of frontal lobe of 
cerebrum, just forward of fissure of Ro 
lando that is responsible for initiation of 
voluntary activity arm area of, 156 
motor points in, 156 recovery in, 157 
motor neuron, sec efferent neuron 
morula stage of embryonic development 
consisting of solid spherical mass of cells 
364 in mitosis 29 
mountain sickness and anoxia 390 
mouth, 468 

movement classification of 45 58 
mucin soluble protein of tear fluid saliva 
and certain internal body structures, acts 
as lubricant, 22 
mucosa a mucous membrane 
mucus secreting cell 473 of stomach 4S4 
mud hopper respiratorv organs of, 3~S 
mud pitppv gills of, 3-9 
Muller Johannes 18- 
Muller s doctrine the law of specific nerve 
energies stimulus applied to receptor 
alwavs causes onl\ one type of sensation 
iS* and color vision 249 
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Murphy, 597 

muscle (see also skeletal muscle, smooth 
muscle, striated muscle, specific mus 
cles) action current of, 82 84, aerobic 
processes in, 96 97, antagonistic, 66, 
atrophy of, 102, constituents of, 88 89, 
current of injury in, 85 86 electrotonus 
in, 86 87, fatigue in, 73, 91, 93, heat 
production in, 91 93, impulse of, 83 84 
independent irritability of, 60 61, mono 
lodoacetic acid and, 95, optimum load 
of, 67, oxidation in, 90, pathological 
conditions of, 101 2, polanzation in, 
21316, relaxation period m, 68, le 
sponses of, 83 86, stimulation of, 62 63, 
stimuli of, 63, types of, 55 56, work 
done by, 6667 

muscle cells 8, 26 

muscle contraction 63, adenosine diphos 
phate in, 96, adenosine triphosphate in, 
96, all or none law in, 69 72, chemistry 
of 88, effect of temperature on, 68 69, 
energy components in, 96, energy rela 
tionships in, 97, fibnls in, 81, 82 glyco 
gen in, 96 heat in, 92, 93, heat rigor 
in, 68, in imertebrates, 68, lactic acid in, 
91, 93 94 > molecular rearrangement in 
98, myoneural junction control of, 71, 
and oxygen 89 90, 93 and pelvic nerve, 
176, phosphagen in, 94 95, 96, refractor) 
period in, 6465, reversible gelation, 
theoty of, 98, sarcomeres in, 82, sum 
matron of 73 76, surface tension theory 
of, 98, tetanic 65 74, 75, 83, thermo 
dynamic theory of 97 98, tonus m, 77 
78, in total absence of oxygen, 90, treppe, 
or staircase, phenomenon, 72 73, vana 
tions in 68, volume in 76 
muscle end plite sec mjoneural junction 
muscle fiber (see also striated muscle). 80 
muscle hemoglobin, see my oglobin 
muscle phvsiologi, 61 62 
muscle sound 73 

muscle spindle receptor within striated 
muscle tissue that is stimulated by 
stretch 186, as proprioceptor, 118, 196, 
197 

imisclc tuitcli 64, 68, mono lodoacefic acid 
in, 95, simple or single, 63 
musculans mucosae muscle tissue in inner 
lining of small intestine that contributes 
to movements of \ilh, 473 479 
musculo epithelial cell special contractile 
celts m epithelium of Hydra, 57, 58 
muscular paralysis, 101 
muscular svstem. of body 33 
musk, 208 


mydencephalon lowest portion of brain, 
consisting of medulla, controls most basic 
functions of body ( e g , respiration, heart 
beat rate, swallowing) , 140 
myelin sheath hpoidal covering of some 
axons, giving them pearly white appear 
ance, possibly functions as insulator, 119, 
absence of, in autonomic nerves, 171, 
degeneration of, 440, of nerves 114 
myenteric plexus, see Auerbach’s plexus 
myocardium musculature of the heart, 334 
myofibril smell longitudinal contractile 
fibril Within muscle cell or fiber, 81 
myogen, id muscle, 88 
myogenic originating within muscle tissue 
itself and not dependent upon nervous 
stimulation for its initiation 
myogenic contractions, 343 
myoglobin pigment of some muscles, simi 
lar to hemoglobin, capable of storing 
oxygen until it is needed by tissue, 88, 99 
loo, 251, 412 
myogram, see kymogram 
myoneme special contracttle fibnl appear 
mg m protozoa, 53 

myoneural junction point at which nerve 
and muscle are joined, over which nerve 
impulse must pass m order to stimulate 
muscle all or none law in, 71 
myopia nearsightedness, inability to sec 
distant objects clearly, 238 
myosin protein of muscle fiber that plays 
important role m muscle contraction, 81 
88 

myxedema condition resulting from hypo 
function of thyroid gland m adults , 
especially characterized by lowered meta 
bohe rate, 532 

Naclimamohn, 126 

narcosis and cortical response, 1 56, tendon 
reflexes lacking in, 139 
narcotics poisoning and anoxia, 403, peri 
odie breathing in, 384 
nasal pertaining to nose 
nasal cavity, 207, epithelium of, 404 
nausea 478 
Nautilus, eye in, 217 
near point point nearest eye at which ob 
ject mov be clearly seen, 233 
nearsightedness, 238 
neck (ccmx), of tooth, 469 
negative afterimage phenomenon of vinon 
in which eye, having been focused bncflv 
on white or colored object, sees a dark 
or complementary colored image when 
gaze is shifted to white surface, 251 
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node of Ranner 


negative nitrogen balance condition in ncuroblast embryonic cell that gives nsc 
Minch nitrogen excretion exceeds intake, to neuron, 140 ° 

neurofibrils, cbemotactic response in, no 
Ncmathelmmthcs amoeboid cells in, 47, neurogli3 connective tissue of nenous 
digestion in, 468 system, 140 

nematodes (Nematode) absence of alia neuroma tangled mass of outgrowing nene 
in. 51, amoeboid spermatozoa in, 47, fiber resulting from unsuccessful att tempt 
contractile cells hi. 58, excretion in, 512, bi snered neuron to re-establish con 
tangorcceptors in, 191 nection inf ft its receptor or effector, in 

ncpliridium excretory structure of annelid some cases may be painful owing to pres 
norms, 511 sure exerted, 119 

nephritic pertaining to kidney neuromotor apparatus network of tntracel 

nephritic edema, 286 lular protoplasmic fibrils of some proto 

nephritis inflammation of kidney, and zoa that aids in coordination of motile 
dyspnea, 383 ( ciliary or flagellate) movement, 51 

nephron functional unit of mammalian 108 
Kidney, 513, 514, 515 neuron (see also afferent neuron, efferent 

nene cells, 9, 26, fixed number of, in neuron), 108, 111, allomone law m, 

nene branch, action current in, 117 122 23, cell body of, 1 11, classification of. 


nene energies, see Muller’s Dodnnc 
nene fiber, 109, action current in, 116 17, 
mcdullated, 114, 1:2, 150 
nene impulses, 12223 ,2 5 =6. afterdis 
charge of, 13536, all or none law in, 
12223, and chemical changes, 12423, 
nature of, 125 26, speed of, 120 
nerve net primitive type of coordinating 
system in winch conducting units allow 
impulses to spread m all directions, 108 9 
nenes ( see also specific nenes) action cur 
rent of, 1 16 17, carbohjdrate metabolism 
in, 126, current of injury in, 85 86, de 
generation in, 118 19, depressor, 367, 
electrotonus in, 86 87, heat production 
in, 123 24, loss of excitability in, 126, 
metabolism in, 12324 peripheral, 127, 
phrenic, 385, polarization in, 115 16, 
pressor, 367, refractory period in, 117 
18, 125, regeneration in, 118 19, re 
sponses of, 84 86 speed of conduction 
through, 11921, speed of impulse in 
121 22, sphlanchmc, 367, stimulation of 
H4 

nene tissue regeneration of, 103 
nerve tracts, 132 34 

nervous disorders and nicotinic acid 452 
nervous sjstem (see also autonomic nenous 
sjstem, central nenous system), 106, of 
bodj, 33, effect of strjchnme on 110, 
function of, 105, inherent pathways of 
134, need for, 10; 6 
neural tube, 140 

neurilemma membrane surrounding some 
peripheral neurons (none m brain or 
spinal cord ) 114. 119 
neuntis inflammatior of nene tissue, 445, 
446, 447 


113, microscopic structure of, 111, 112, 
motor, 145, sensory, 144, structure and 
function of, 111 26, tansmission of 
impulse in, 117 

neutrophil type of leucocyte, granular 
cytoplasm of which is stained by neutral 
status, such as neutral red, 317 
niacm B complex vitamin essential for 
healthy condition of skin, plays role in 
cellular oxidation reduction reactions 

45*54 , 

niacm amide active form of niacin, as the 
amide, in the cell, 416 
nicotinamide, and metabolism, 416 
nicotinic acid ( see also niacm) daily re 
quirements of, 452, deficiency, 452, 454 
fundamental action of, 454 
nictitating membrane thm transparent 
membrane that may cover the cornea per 
manently or be drawn across if for tem 
porary protection, rudimentary m hu 
mans, permanently coders eye of fishes 
and may be extended or retracted by rep 
tiles and amphibians, 222 
night blindness 442, and vitamin A 244 
nitrates and anemic anoxia, 403 
nitrogen, 432, and blood flow 361, in 
metabolism, 50 5 7 

nitrogenous compounds, and excretion, 508 
9 

nitrogenous extractives 89 
Nitrosomonas food of, 432, oxidation of 
ammonia in, 22 

nodal point optical center of lens, where 
parallel light rays pass through without 
refraction, 232 

node of Ranvier consfncfion in myeltn 
sheath cov enng neuron, 1 1 4 
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noise 256 

nonelectrolytes 18 ig 
nonliving matter 7 accretion m 8 
nonmedulla ted fiber nerve impulse in 122 
norm trogcnous compounds and excretion 
509 10 

nomutrogenous extractives in muscle 89 
normoblast cell representing third stage tn 
erythrogcnesis possesses small nucleus 
and large amount 0/ hemoglobin and is 
not nor mall) found free in circulation 
295 in anemia 296 

note sound effect produced when sound 
1 <nes reach ear periodically or uniformly 
’ 5 6 

notochord 38 39 
nucleoplasm 5 
nuclcoprotems 505 

nucleus of cell portion of cell that controls 


optical system 230 

optic chiasma point at which optic nerves 
cross beneath brain 158 
optic cup 241 

optic disc region in posterior portion of 
retina where optic nerve enters contains 
no usual receptors and is sometimes re 
f erred to as blind spot 241 
optic nerve second cranial nerve sensory 
for vision 134 
optic thalamus 154 

ora serrata outer (anterior) margin of 
retina of eye ■’aS 

organ part of body composed of one or 
several tissues having a specific function 
see specific organs 

organelle structure of cell specialrcd for 
particular f 1 notion 26 185 in protozoa 
106 


its metabolism 5 organisms changing environment of 106 

nucleus of nervous system mass of nerve living 5 

cell bodies lying within central nervous Organ of Cor ti structure within scale 
system media of inner ear containing receptor 

nyctalopia night blindness inability to see cells for sound 263 
m dim illumination 442 onficc an opening 222 

origin fixed nonmovable point at which 
obstructive jaundice jaundice resulting a muscle is attached see muscle 
from accumulation of bile p gments tn osculum 3-8 of sponges 57 
blood stream when hepatic or bile duct is os innominatum 42 
obstructed 497 osmoregulation maintenance of proper 

occ pital lobe posterior portion of cere water balance w ithm organism usually 

brum concerned with visual 1 nterpreta by elimmat on of excess water 51 

tion 143 257 Lidney in 517 

ocular pertaining to eye osmos s diffusion of water molecules 

oculomotor nerve third cranial nerve through semipermcablc membrane 

motor for eyeball movements and vis on which separates two different solutions 

accommodation 175 in s ich a nay that volumes of solutions 

odors class ncation of 210 vary as water moves more rapidly in one 

oil of uintergrecn ->08 direction than m other 1215 in hvtng 

oleic 43- protoplasm 14 

olfactometer apparatus used to test acuity osmotic pressure pressure caused by flow 
of smell 209 0/ wafer through scmtpcrmeable mem 

offictorv pertaining to sense of smell brane during osmosis 13 14 518 

olfactory area of nasal cavity '07 osmotic system 1314 

olfactorv bulb 207 ossein protem portion of bone tissue 32 

olfactory end ngs _og oss cles bones of middle ear malleus in 

olfactorv epithelium 208 cus and stapes 58 59 

olfactory nerve first cranial nerve sensory osteoblast bone forming cell 33 

for smell 07 osteomalacia symptom of vitamin D dc 

olfactorv sense -06 10 acuity of 208 10 fictency m adults characterised by loss 
in humans 07 of calcium from and \ cakcmng of struc 

omentum fold of peritoneum that con ture of hones 459 462 

nccts abdominal viscera to stomach 507 otol tbs smalt calcareous or siliceous bodies 
ommatid um structural unit m compound that by gravity stimulate receptors for 

eye of arthropods 219 sense of static equilibrium 265 269 

oOfcness process bv which mature ovum is oval window see fenestra ovahs 

’produced 561 6 ovancs prmuirv sex organs of female pro 
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parathyrin 


duce ova and female sex hormones, 539, 
549, 360, 363, hormones produced in, 
56364 

overtone phenomenon of sound due to 
secondary vibrations occurring along with 
primary 1 ibrahons of note, enables one 
to detect differences m same note played 
on different instruments, 236 
oviducts ( see also Fallopian tube), 361 
ovulation release of mature ovum from 
ovary, 560 62, forced, 562 
ovum female reproductive cell, 34 556, 
364, mammalian, 333 38 
oxidase enzyme that actuates molecular 
oxygen so if may react with active hy 
drogen, 417 

oxidation process of adding oxygen to, or 
removing hydrogen or electrons from, 
chemical compound, 24, of carbohy 
drates, 376, cellular, 415 18, of fats, 
376, ferric, 417, of lactic acid, 577, 416, 
in vitro, 25 

oxidative processes, 284, 417 
oxygen, 407, 432, and adaptation 189, 
absorption of, by blood, 407 8, in am 
phibian blood, 330, and blood flow, 361, 
and calorie, 501, and capillary, 350, 
deficiency of, and blood pressure, 369, 
diffusion of, 375, effect of, on amoeboid 
locomotion, 50, and hemoglobin 293, 
loading tension of, 4089, in muscle 
contraction, 89, and respiration, 373, 
403, supply of, to tissues 413, unload 
ing tension of, 408 9, and vasoconstric 
tion, 365 

oxygemtion, and coronary flow, 362 
oxygen debt condition in tissues, following 
strenuous activity, when oxygen supply 
from blood stream has not satisfied oty 
gen requirement of tissues activity, 90 


chemical control by. 


oxv hemoglobin hemoglobin combined with 
oxygen 406, 414 4»5 . 

oxytocin hormone of pars nervosa thdt 
stimulates smooth muscle of uterus. 


causing it to increase its tom, 540 41 
oysters ixactory products and, 512 


189, causes of visceral, 201, m cornea, 
200, cutaneous, 200, deep, 200, nerve 
endings and, 19697, referred, 200, vis 
ccral, 200 r, 202 
pam receptors, 199 
pain spots, 192 
palate, 475 

pancreas g land of abdominal canty that 
forms digests c enzymes and insulin, 472, 
543 46, as endocrine structure, 529, in 
nervation of, 492, islet tissue of, 530 
pancreatic amylase, 491 
pancreatic duct, 490 

pancreatic juice and its action, 49091, 
cnzvmes of, 491 92 
pancreatic lipase, 492 
pancreatic secretion, regulation of, 492 93 
pancrcatrophic factor proposed hormone 
( proof of existence is lacking) of pars 
glandularis supposed to cause hyperplasia 
of cells in islets of Langerhans of pan 
crcas, 539 

pantothenic acid D complex vttamtn evi 
denth essential for healthy condition of 
sktn m chicks and proper fur coloration 
in rats but of controversial importance 
in human nutrition, 430 31 
papillae, 211 

papillary muscles muscles of ventricular 
walls to which chordae tcndmac arc 
attached, contractions aid in presenting 
partial inversion of valves into auricles 
during ventricular systole, 339 
para ammobcnzoic acid substance, consid 
crcd as one of D complex vitamins, 
especially essential to certain bactcna, 

paramccnim, 50, chemical sense of, 203 
cilia of, 26, conjugation in 552, cydosts 
m, 46, 327, digestion in, 467, excretion 
in 510, ncuromotor apparatus in, 51, 
108, receptors in, 1S3 
parasitic worms and capillary wall 330 
p-irasvmpathcctomv. i”J> 
parasympathetic center, of hypothalamus 
H 9 

parasvmjvathctic division portion of auto 
nomte nervous system generally con 
cerncd vnth vegetative function 175 
crania! naves of 1-6 fibers of and 
heart 343 filxrts received onlv from. 


PAB\ see pin aniinolwnzotc acid 


1", function of 176^7-, sacral. 


pacinian corpuscle receptor Inng deep pa rasvn, pathetic nerves 4-4 

inf/11 n sfcni or in musc/c tendons, or parathormone hormone of parathyroid 
lomts where it ts stimulated bv pressure. gland, controls blood ca’cium levels. 

- * 5 ?> 

larathvrus tee pa-a! hormone 


193 as proprioceptor 196 
pam 199 204 adaptation of receptors to 
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parathyroid glands 

parathyroid glands glands lying close to 
or imbedded within thyroid gland con 
trol calcium balance in body 529 554 36 
parathyrotrophic factor proposed nor 
mone { proof of existence is lacking) of 
pars g landulans supposed to stimulate 
parathyroid glands 540 
paresis knee jerk in 139 
parietal cel! cell of gastric gland that se 
cretes hydrochloric acid 473 
parietal layer of glomerules 514 
parietal lobe region on top and sides of 
cerebral hemisphere behind fissure of 
Rolando concerned with interpretation 
of cutaneous sensation 143 157 
parietal pleura pleural membrane in con 
tact with inner surface of thoracic wall 
3 8 i 

parotid gland one of pair of salivary glands 
that he at angles of jaws 470 483 med 
ullary control of 145 
pars glandularis the anterior pituitary an 
tenor portion of hypophysis 536 
pirs intermedia 336 

pus nerrosa the postenor pituary posterior 
portion of hypophysis 536 
pars t liberal is 536 

partlicogenesis initiation of segmentation 
of maim \ ithout fertih ation by sperm 
cell 35' artificial 558 
partial pressure pressure of particular gas 
in mtxturc of tno or more gases that is 
exerted because of movements of its 
molecules is always in exact proportion 
to percentage of that gas in mixture 
406 7 

parturition processes of birth 567 
patella 4: 

patellar reflex the knee jerk reflex a sptnal 
reflex resulting tn lo\ cr leg extension as 
patellar or knee tendon is topped 139 
in sleep 163 
Paslos 161 485 
Pccfcii tonus in -8 

pellagra symptom of ntacin deficiency 
c/iaractcn cd by b lateral dermatitis cs 
pcctally of extremities 433 
pciwc girdle 41 
pelvic nene 1-6 
pendular movements 4-9 
penis male copulatory organ i“6 534 
pepsin protein digesting en’yme formed by 
chef cells of gastnc glands 484 
pepsinogen mactne form of pepsin re 
quires and for its actuation 4-3 
peptide linkage combination of tno ammo 
acids through ammo group of one and 


carboxyl group of other water being re 
leased by union 434 

peptone intermediate stage in progressive 
digestion of proteins 490 
pericardial fluid 281 

pericardium membrane surrounding heart 
an thin thoracic cavity 334 
perilymph fluid surrounding membranous 
labyrinth of inner ear 238 262 264 281 
perimeter apparatus used to determine per 
ception of color by different regions of 
retina 47 

perimysium connectne tissue binding 
muscle fibers into a fasciculus 60 
peripheral away from central region or 
origin 

peripheral ganglia 168 
peripheral ncrxous system portions of nerV 
ous system that connect to brain and 
spinal cord it 127 

peripheral resistance resistance to flow of 
blood due to friction of blood against 
walls of vessels 348 and blood pressure 
35 2 , 357 

peristalsis wavelike contraction preceded 
by relaxation that occurs especially in 
small intestine and acts to force unab 
sorbed material onward 475 479 
peritoneal fluid fluid surrounding visceral 
organs withm abdominal cavity 281 
peritoneum tissue lining abdominal cavity 
and cosertng outer surface of abdominal 
organs 471 

permeability ability to allow other md 
tenals to pass through 17 
pernicious anemia 287 489 and wtamin 
B, 

pH {hydrogen potential) \aluc used to 
designate neutral (pH 7) acid (pH less 
than 7) or alkaline (pH greater titan 7) 
condition nithm solution 19 effects of 
changes m 20 of hung systems 19 20 
phagocyte 315 

phagocytosis ai d Wood 275 319 
phalanges 412 

pharynx region of throat immediately be 
hind mouth and aboic larynx 470 
phenols 498 
phlebitis 'oo 

phlorluzin drug that presents sugar rcab 
sorption from nephron tubules into blood 
stream thus rcsu/fing in glycosuna 344 

•15 , 

pliospl agen sec creatine phosphate 
pi osphocieahne in muscle 94 
phospl ol poid fathke substance contain 
mg phosphorus 437 507 
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phospholipin 438 

phosphoric acid m muscle contraction 94 
in phospliagcn 94 
phosphorylation process 505 
phosphopvndinc nucleotide 454 
photophobia excess! ic sensitivity of eyes 
to l,g ht 449 

photoreceptor receptor /idling light as its 
adequate stimulus 213 33 passim 
photosynthesis process catalyzed by chloro 
phyll in which carbon dioxide and water 
are combined to form carbohydrates tn 
presence of light " 377 43- 33 
phototropism 23 

phrenic nerves paired nenes leading to 
diaphragm that cause it to contract dur 
mg inspiration 383 
phrcnologv 155 
phyla 

phisiologv 1 _ 155 
phj tohormoncs 327 

pia mater innermost membrane covering 
brain and spinal cord and in direct con 


polyuria 

Planana ciliated cells in 52 circulation in 
328 response ol to ultra violet rays 213 
plant cells 5 compared with animal cell 
6 hormone production in 527, resist 
ance of to cold temperatures 21 respi 
ration m 377 
plants unicellular 21 
plasma blood minus its corpuscles but con 
taming materials essential for blood clot 
ting see blood plasma 
plasm 3 ge] gelated protoplasm 48 
pljjmagel sheet 48 

plasmalemma cell membrane of amoeba 
,47 

plasma proteins buffer actions of 21 and 
capillan wall 350 
plasmasol solated protoplasm 47 
plasmolysis flow of water from cell m 
hypertonic solution resulting in cell 
shrinkage 14 1 ; 
plastid 5 

Platyhelminthcs amoeboid cells m 47 
cilia in 52 circulation in 3 8 digestion 
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pons bndgchke structure on \entral sur 
face of metencephalan contains nuclei 
for several cranial nerves and many mo 
tor neurons that cross at this point 
from one side of body to other as from 
right cerebrum to left arm 145 
Ponfera 57 excretion in 511 512, fluid 
media in 273 nervous system in 105 
108 

porphyropsin combination of vitamin A s 
(altered form of vitamin A ) with pro 
te in Serves in vision of fresh water 
fishes same function as rliodopsin in hu 
mans 245 444 

port'd circulation 335 361 62 
portal vein vein carrying blood from small 
intestine to liver 335 361 6"* 
positive afterimage phenomenon of vision 
in which eye having been focused 
brief 1) on light continues to see light 
after being closed 251 
posterior chamber portion of cavity of eye 
ball lying between 1 ns and lens '23 
postestrus stage of estrus cycle in lower 
mammals after ovulation during which 
uterus undergoes changes favoring 1 m 
plantation of ovum 56-* 
postganglionic fiber neuron of autonomic 
nervous system that makes synapse with 
preganglionic fiber m autonomic g an 
g/ion and carries impulse on to structure 
to be innervated 1-0 1-1 
potassium and amoeboid locomotion 50 
in muscle 8q 

potassium chloride in sarcomeres 81 
potassium phosphate in sarcomeres 81 
P P factor see niacin 
Pratt “o 

preganglionic filler neuron of autonomic 
nervous svslcm that leads from brain 
or Sfrttttt! card to autonomic ganglion 
where it males synapse with postgan 
ghonic neuon 1-0 1-1 
picgnancv period from lime of fcrtiliza 
tion and implantation of ovum until par 
tuntion costal respiration in 386 
development of l rcast in 369 and heart 
output 346 

presbyopia loss in old age of ability to 
focuj clearly on near ob/cct because of 
Joss of Jens elasticity 234 236 
pressor having effect of earning vasocon 
stnehan 

pressor fiber 368 

pressure 23 sense of 19192 and tactile 
sense 192-94 
pressure spots 1 92 


primary sex organs see gonads 
primary teeth first set of teeth ten in each 
jaw 469 

principal axis line perpendicular to and 
passing through lens of eye 233 
principal focus definite point behind lens 
through which parallel rays of light pass 
to principal axis 233 

proestrus stage of estrus cycle of lower 
mammals preceding ovulation during 
which changes take place m vagina 
uterus and mammary glands 562 
progesterone female sex hormone pro 
duced in corpus luteum that causes 
changes in female reproductive structures 
favoring implantation of fertilized ovum 
and maintenance of pregnancy 539 
563 64 566 ,68 

prolactin see lactogenic hormone 
proprioceptor general type of receptor 
found in muscles tendons joints and 
parts of inner ear that functions in 
equilibrium 186 193 of muscles 196 
prosecretin inactive form of secretin re 
quires presence of acid for its activation 
493 

prostate gland structure of male reproduc 
tivc tract that contributes to formation 
of seminal fluid 355 

prosthetic group particular molecular ar 
rangement that is part of larger mole 
eule and carries out specific function of 
larger molecule 409 450 454 
protein high molecular weight material 
composed of mam ammo acids and form 
mg important part of protoplasm 434 
33 in blood 2~6 buffer action of 419 
linkages of 434 m metabolism 500 ~ 
passim in muscle 88 need for 431 
oxidat on of 3-6 403 in protoplasm 7 
in sarcomeres 81 
protein compounds 20 
prof colv tic ermines 25 
p otcosc intermediate stage in step wise dt 
ycstion of protein 490 
prothrombin material m blood plasma that 
is essential for blood clotting process 
3“2 production of prevented by dicoii 
marm 3->3 

protoneplmdium excretory structure of 
flat worms tome times referred to as flame 
cell 511 

protniicuron conductih unit of nerve net 
108 

protoplasm living matctial of cell a col 
loiilal suspension 5 12 desire for water 
of 205 diffusion and osmosis in 14 
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reflex action 130 31 in stomach 477 
reflex arc senes of neurons carrying im 
pulses from receptor through central 
nervous sjsfem and out to effector thus 
resulting m reflex reaction to stimulus 
129 130 137 and cerebellum 159 se 
quenceof 131 

reflex time time elapsing from moment of 
stimulation to beginning of reaction 131 
refraction bending 0/ light rajs in passage 
from one medium to another so that 
they proceed in different direction or at 
different angle ->14 

refractive index numerical value represent 
mg ability of substance or structure to re 
fract light 214 230 

refractory penod period folios mg initial 
stimulus during nhic/i second stimulus 
does not cause second or greater re 
spouse 11718 

reinforcement see reflexes facilitation of 
Reissners membrane membrane of inner 
car separating scala media from sca/a 
vestibuli 61 
relaxation and sleep 164 
relaxation period period follow mg co ntrac 
t on of muscle during which muscle re 
turns to its original length 68 
renal corpuscles (see also Malpighian 
bod\) effective pressure in 51820 
renal d seise periodic breathing in 384 
reml tub ilc second portion of nephron 
tubule in \ hich occur selective rcabsorp 
lion processes tl at return essential ma 
tcnals to blood stream 514 cl aractens 
ties aid fund 01s of 5 o ciliated cells 
of 54 rcabvorpt on In 5 o secretion 
In 5 

Tcniun dtgcstiu auymt of stomach that 
precipitates casein 484 
reproduction process of producing ncs 
and similar progeny 8 550-0 in lower 
animals ,50 , smooth muscles in 57 
reproductive svstem ,4 
reptiles cerebellum in 1 58 ,9 cochlea of 
cone vis on in 46 reproduction 
in jj, sclera of ' o 
reserve air rum of supplemental air and 
residual air 388 

res d nl air air remaning within lungs 
after forced expiration so that they re 
main inflated within thoracic coviti 38S 
resonance tlicorj theory regarding rccep 
lion of aud ton ifu rub proposes that 
interpretation of pitch it function of in 


respiration process of gaseous exchange 
usually involving oxygen and carbon 
dioxide and chemical processes within 
cells that yield energy for protoplasmic 
activity { see also oxidation) in adult 
388 89 aerobic 375 76 anaerobic 376 
77 aquatic 379 artificial 390 91 cel 
lular 375 cessation of m spinal animal 
137 chemical factors in 393 39^95 
40421 ChejneStoLes 384 definition 
of 375 external 375 failure of striated 
muscle to function in 101 internal 375 
mechanics of 383 84 392 periodic 384 
and sleep 163 smooth muscles in 56 
striated muscles in 56 
respiratory centers 395-96 
respiratory organs 375 ff 
respiratory pigments 274 293 94 407 
409 i_ and blood 410 and carbon 
monoxide 413 
respirator) pump 359 
respirator)' quotient decimal fraction ob 
tamed by dividing amount of carbon di 
oxide produced b ) amount of oxygen 
ufih cd per unit time 375 
respiratory system 33 development of, 

577 s 3, 

rest and heart output 346 
reticulocyte immature erythrocyte con 
taming nuclear fragments normally ear 
liest cell stage to appear free m circula 
tion during cnihrogcnesis '95 
reticuloendothelial svstem network of cn 
dothehal tissues found especially in User, 
spleen lymph nodes and bone marrow, 
that functions m protection of body 
against disease infection by engulfing 
bacteria and possibly by antibody forma 
turn 31516 

retina inner portion of eyeball containing 
receptors for nsion 2'i 24053 and 
adaptation 189 .43 cells of 241 M 2 
exposure of to 1 ght ■'43 microscopic 
structure of '40-43 photoclicmistrj of 

rctincnc product result mg from exposure 
of rhodopttrt to light 244 
rheobase strength of stimulus below which 
no response mm be obtained even 
though stimulation is continued for an 
indefinite time 1 1 5 

Rh factor factor present in erythrocytes of 
about 6j r f of human population fie 
quciith ca ises serious agglutination re 
actions to occur aftxr blood transfusion 


net ear 60 
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Rhizopodi, movement in, 47 
rhodopsin pholorcceptnc pigment in rods 
of retina, 245 

rlivtlimic segmentation. 47S 79 
nlwflavm vidf cr soluble vitamin (Bi) cs 
senluA for cellular oxidation, deficiency 
results m dryness of skin, 448 J9, funds 
men hi action of, 450, requirements of. 
450 

ribs, 40, 42 

nelcts condition of poor skeletal dcxclop 
merit in young children or animals re 
suiting from utanun D deficiency , 32, 
461, 462, and ufs min O, 4>< 
right hmphatic duct, 28: 
tigor cnlons rigidity dci eloping in striated 
muscle tissue that has been killed by ct 
posurc to high temperature, 6S 
ngor mortis ngrdifv da eloping in striated 
muscle after death, 69, and lactic acid. 


secondary axis 

lary, and sublingual glands into mouth, 
digests starch, and its function, 482 

83 

salivary gland, secretion in, 172 
salivation, conditioned reflex in, 161 
salmon, reproduction in, 550 
salt and amoebic locomotion, 50, and 
capillary wall, 550, inorganic, 438, 496 
sarcolcmim eel! membrane of striated 
muscle nil, 59 

sarcomere dischkc portion of stnated mus 
clc fiber limited by Krause's membrane, 
81, S: 

sarcophsin fluid protoplasm of muscle 
fiber surrounding areas of Cohnhctm, 88, 
of strnted muscle, 59 
saturation “ purity " of color, or degree to 
which it is free of white, 248 
scila media canal of membranous laby 
with extending through cochlea, con 
tains receptors for sound, 261 



Star! ng 
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Starling 492 

Starling s lavs see law of the heart 
static equilibrium sense of balance as it re 
garils grant) or position in space, 261, 
269 36S 

static organs 265 66 
statolith (see also otolith), 265, 269 
steapsm fat splitting engine produced by 
pancreas 492 
stearin oxidation of 576 
Stensen s duct duct that empties saJna 
secreted by parotid gland into niout/i 
470 

Stentor circulation in 327 contraction in 
35 modification of bchasior in 107 
stereoscope 252 
sternum 40 

stethoscope instrument that amplifies 
sound 355 

stimulus change in external environment 
that causes change in behavior of hung 
system 130 161, adaptation to 189 
conditioned 161 intensity of 63 and 
Mullers doctnnc 1 8“ unconditioned 
161 and \\ eber s law 188 
stump see stapes 

stomach sachkc enlargement of digest ne 
tract in which food may be temporarily 
stored white digcsfnc processes arc in 
itiated 4-071 4-3 control of acidity 
hy 489 curdling of null in 484 diges 
tion of itself b) 4S9 digestne processes 
m 4*59-90 glands of 4-3 48384 mo\e 


stnated muscle fibers 59 
stroLe 352 

stroma netlikc framework within erythro- 
cyte upon which hemoglobin is held , 291 
strychnine effect of, on nenous system 
no 

subacidit), 489 
subarachnoid space 141 
sublingual gland one of pair of sain an 
glands that he beneath floor of mouth 
and empty their secretions 6) several 
ducts into mouth car if > 470 483 
submaxillar) gland one of pair of salnary 
glands lying inside angle of loner jaw 

47° 4 8 3 , . 

succcssne contrast phenomenon of vision 
in which eye having been focused briefly 
on particular color secs complementary 
color when ga.c is shifted to gray sur 
face 250 

succus cntcncus fluid formed by intestinal 
mucosa that carnet digestne enrymes 
produced by that tissue, 493 
sucrasc enzyme capable of splitting sucrose 
info one molecule of glucose and one of 
fructose 494 
sucrose 494 

sugars 3nd small intestine 498 
sinjiniabon of contractions result of see 
on J 1 hreshold stimulus gnen while 
muscle is still reacting to earlier first 
stimulus in which second contraction is 
obtained that has greater height than 



thiamine 
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Sylvian fissure infolding on lateral surface 
of cerebrum that sets off temporal lobe, 
M= 

sympathetic division portion of autonomic 
nenous system generally concerned with 
emergency reactions , 169 71, extent of 
action in, 174 75, stimulation of, 171 72 
sympathetic fibers, 343 
sympathetic ncncs, 173, and adrenalin 
548, and high blood pressure, 357 
sympathetic adrenal relationship 17274 
sympathin adrenalin like material pro 
duced at end brush of certain sympa 
thctic ncncs, stimulates or inhibits cf 
fector structures, 180, and high blood 
pressure, 357 

sympathin E form of sympathin that 
causes excitation of effector, 1 80 
sympathin I form of sympathin that 
causes inhibition of effector, 180 
synapse, of chromosomes pairing up of 
homologous chromosomes pnor to cell 
division, 556, 557 

synapse, of nenes region in which two 
nenc endings lie so close to one another 
that impulses may pass over from one to 
other, but in only one direction, 109, 
112 

synaptic nervous system, 1089, 109 10 
syncytia, 55, 59 

syneresis shrinkage of gel, so that fluid is 
forced out at surface, 321, in stnated 
muscle, g 8 99 
synovial fluid, 43 
syphilis, knee jerk in, 139 
systemic circulation blood circulation to 
all parts of bod > except lungs, 335 36 
systole contraction phase of heart, 336 
c 3 \9 348 352, 361 
ozentGyorgi 98 

tabes dorsalis 149 
tactile sense see touch receptors 
tadpole, cilia in 53 
Jigged molecules 284 
* allquist method means of approximating 
hemoglobin content of blood color of 
drop of blood on white paper is com 
pared to senes of colors representing 
bloods of known hemoglobin content 

. =93 

tangoreccptors 191 
tarsals 42 

taste, 206, 212, classification of, 211 12, 
sensation of, 210 12 


taste bud receptor for gustatory sense, 210 
11 

tear fluid, 223 

tectorial membrane membrane within 
scala media of inner ear, free edge of 
which is near to or in contact with organ 
of Corti, 263 

teeth ( sec also specific teeth), 469 
telencephalon foremost and, in higher 
sertebrates, largest portion of brain, con 
Ststmg of cerebrum, 140 
temperature and blood coagulation 322 
and cortical response 156, high and 
heart output, 346, relation of to living 
substance, 21 22 

temperature gradient difference m tem 
perature between two adjacent areas so 
that heat energy passes from warmer to 
colder one, 198 

temperature sense 197, areas of, m bodv 
199 organs for, 197-98 
temporal lobe lateral portion of cerebral 
hemisphere, concerned with mterpreta 
tton of auditory, taste, and smell sensa 
tions 143 158 

tendon connects e tissue binding muscle 
to bone, 196-97 
tendon reflex, 1 39 

testes pnmary sex organs of male produce 
sperm cells and male sex hormone, 549 
553 554 . „ , , 

testosterone male sex hormone, produced 
by interstitial cells of testes 554 538 
tetanus fulls sustained contraction of stn 
ated muscle resulting from senes of 
rapidly repeated stimuli 73 76 mcom 
plcte 74 m muscle contraction 6; 
stimulation needed to produce 7; 
tetany and parathyroids 535 
tetrad group of chromosomes that form as 
chromosomes in sy napsis reproduce them 
sehes so that four chromosomes arc seen 
together 556 

thalamostriate body 14849 
thalamus lateral walls of third ventnclc of 
brain 148, and hom 010 thermic condi 
tion 423, pam centered in *54 
thcehn sec estrone 

thermopile instrument used to measure 
minute changes m temperature, 91 92 
thiamine water soluble utamm (B,), 
found m whole gram essential for 
health) condition of nenous tissue dc 
fi ciena of 445 46. fundamental action 
of 447. and metabolism 416 require 
ments for. 447 sources o' 44; 



thiourocil 
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thiouracil 534 
thiourea 534 
third ventricle 148 
thirst 204 

thoracic pertaining to chest region 
thoracic duct point 11 here targe lymph 
vessel empties into left subclavian vein 
281 

thoracolumbar division see sympathetic 
division 

thorax chest region 41, changes in volume 
of 38889 movements of 38486 
threadworms amoeboid cells in 47 
threshold stimulus 63 
throat temperature organs of 198 
thrombin material present in blood stream 
m inactive form (prothrombin) , plays 
important role in blood clotting 32: 
thrombocyte see blood platelet 
thromboplastin material normally found 
m blood platelets responsible for imtia 
tion of blood dotting 321 3:2 and 
antiprothrombm 324 
thrombosis 3' 3 3-4 
thrombus blood clot formed within cir 
culatory system 3.4 

thymotrophic factor proposed hormone 
{proof of existence is lacking) of pars 
glandularis supposed to stimulate thymus 
gland 540 

thymus gland structure in thoracic cavity 
near heart that speculatively has been 
assigned function ( proof of function is 
inadequate) of stimulating growth in 
>oung children and animals 5 9 54 
thyroglobulin combination of thyroxine 
with a protein glandular storage form of 
thyroid hormone 533 34 
thyro d colloid protein substance of thy 
roid gland contains precursor of arcu 
lating thyroid hormone thyroxine 
thyroid gland bilobed gland lying ventral 
to trachea and lateral to larynx its score 
tions regulate metabolism of body and 
growth in young individuals 529 530 
53 1 53 2 , 

thyrotrophic hormone hormone of pars 
glandularis that stimulates thyroid gland 
539 

thyiotrophin see thyrotrophic hormone 
thyroxine hormone of thyroid gland as it is 
found in the circulating blood 533 


upon nature of overtones of primary 
vibration 256 
Tissandicr, 399 

tissue group of cells having same origin 
structure, and function 3032 
tissue fluid intercellular fluid of body dc 
nved front blood stream 27781, 363 
derived from Wood plasma 277, in epi 
dermis 27S 
ti see loading tension 
tobacco mosaic vims of 8 
tocopherol od soluble vitamin (E) evi 
dcntly essential for normal reproductive 
ability in rats 463 
toes Ixmcs of 4' 
tone see p tch 

tongue 21012 469 papillae of 211,212, 
taste buds of 21011 
tonus type of muscular contraction char 
acten cd bv stow activity and ability to 
exert considerable tension over long pc 
nods of time with little enorgv cxpendi 
tore 35S of blood vessels 367, of capil 
lary 358 catch mechanism theory of 79 
colloid theory of 79 80 in invertebrates 
78 in mammal smooth muscle 78 79 
mechanism of 79 in motor cortex 155 
56 in muscle 7778 in sleep 163 of 
smooth muscle 100 1, and stomach 477 
and tetanus 78 
touch sense of 191 92 
touch receptors 189 19; discrim nation 
of 194 localization of 194 and tactile 
sense 19 ’-94 

toxic jaundice jaundice resulting from fa 1 
urc of liver due to injury infection or 
poisoning to excrete bile pigments from 
blood 497 
toxins 320 

trachea large single tube leading from 
pharynx into thoracic cavity toward 
lungs dmdes to form tuo bronchi one 
of which goes to each lung 380 382 
transamination process of transfer of the 
amino group from one molecule to an 
other see amino acids 
transfusion (see also blood) 30013 
transmission deafness loss of hearing due to 
interference with passage of sound vibra 
tions through external or middle ear ■’65 
transverse colon second portion of targe 
intestine leads from right to left hon 


tibia 4’’ 43 zontally across abdominal cavity 47 

tidal air volume of air that centers or leaves treppe phenomenon of fresh muscle con 
lungs in normal inspiration or expiration trading to greater extent after applied 
588 bon of first few of senes of stimuli 72 73 

timber property of sound that depends tricuspid valve valve located between right 
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vosoconstnctor nerves 


aunclc and ventricle, presents backflow 
of blood, 339, 342 

trigeminal nerve fifth cranial none, motor 
to lacrimal glands ami muscles for clien 
mg, sensor) for face and teeth, 146 
triglycerides, 437 
tnpeptide, 434 

triphospliopyndine nucleotide, see cocn 
zjmc II 

tripotassium phosphite, 20 
trochlear nerve fourth cranial ncnc, motor 
for eyeball movement, 146-* 
trypsin protein digesting enzyme of pan 
areas, 491 

trvpsi nogen n tactile form of try pstn, 491 
tr, see unloading tension 
tubular glands, 484 

tunica fibrosa outer layer of eyeball, 220 
tunici mterni innermost layer of eyeball 
(includes retina), 220 
tunici vasculosa middle layer of eyeball 
220, 221, 22S 

tumcites endostvlc in, 530, pigments in, 
413, sana dm m in. 432 
tunnel of Coiti, 263 
turtle cvoskcleton of 38 
tympanic canal, see scali tympim 
tympanum the ear drum, membranous 
structure at end of external auditory 
meatus that is set in motion by air vi 
bratiom, 257, 258, 259 


ulna, 42 

nltn filtration 285 
ultramicroscope 1 2 

ultrav iolct ravs invisible light rays of short 
wave length, capable of causing chemical 
changes in many substances that they 
strike 213 and vitamin D, 460 
umbilical artery artery that carries blood 
of fetal circulation toward placenta, 336 
umbilical vein vein of fetal circulation that 
carries blood from placenta to fetus, 336 
universal donor individual having type O 
blood who , theoretically, could give blood 
by transfusion to person of any blood 
type, 304 

universal recipient individual having type 
AB blood who, theoretically, could re 
cetve blood by transfusion from person of 
any blood type, 304 

unloading tension partial pressure of gas 
required in order that respiratory pig 
ment m solution contain 50% of its 
total capacity for that gas, 408 9 
urea nitrogen containing waste product of 


protein or ammo acid metabolism, 350 
304, endogenous, 504, in excretion, 509 
520, 523, exogenous, 504 
ureter tubule through which unne passes 
from kidney to urinary bladder, 513, 523, 
pain in, 201 

urethra tubule through which urine flows 
from urinary bladder to outside of body 

5*3 

uric acid nitrogenous waste product, es 
. pccialh of birds and replies, 509, 512 
520, in metabolism, 505 
urinary bladder receptacle for storage of 
urine until such time as it may be elimt 
noted from body, 313 
urinary tract, 172 
uriiiai) s>stem, 513 
urination 523 24 

unne fluid containing waste products re 
moved from blood stream as result of 
kidneys' excretory function, 284 523, 
524 composition of, 516 17, estrone in 
563, and niacm, 452, and sugar 436 
uterus structure of female reproductive 
tract in which fertilized ovum undergoes 
development into new individual 1 72 

556 

utnculus structure of membranous laby 
nnth of inner ear, contains receptors for 
equilibrium, 260, 267 
uvula 475 


vacuoles, ; 
vagina, 356 

vagus nerve tenth cranial nerve, contains 
afferent and efferent neurons of visceral 
structures 147, 176 

valvular leakages, 342, and stagnant anoxia 
4°3 

vanadium, 413 
vanilla 208 

van Leeuwenhoek Antony, 50 332, 555 
van cose veins abnormally dilated veins re 
suiting from failure of valves properly 
to control forward flow of blood, 359 
vasa efferentia, abated cells m 53 
vascular system endothelium of 349 
vas deferens ciliated tuba leading spar 
matozoa from epididymis to structures 
secreting seminal fluid 112, 55; >58 
vasoconstriction decrease m diameter of 
blood vessels due to contraction of 
smooth muscle of their walls, 172, 363 
3 6 4 65 

vasoconstrictor center, 36; 
vasoconstnctor nerves and adrenalin, 547 


RECEPTORS 


stimulated by sound waves, but the temperature or the drug has such an 
effect that impulses are set up m the auditory nerves— hence, the ringing 
sound These types of stimuli are said to be inadequate stimuli 

DIFFERENCES BETWEEN SENSATIONS 

Different sensations are absolutely distinct in consciousness of them 
Sight, smell, taste sound, and touch are never confused, they can be sepa 
rated m one s consciousness These different sensory impressions are not 
referred to the brain but to the sense organ stimulated, that is, taste is referred 
to the tongue and sound to the ear This difference betu een one sensation 
and another which separates them m consciousness is referred to as modality 
Quality can also be distinguished within a modality This simply means 
that in sound, for example one can judge between a tone of low or high 
pitch, or in colors between blue, green, and others However, the quality 
of one modality cannot be compared with that of another For example, 
one cannot say that this sound is of higher pitch than this taste is sweet 
Each sensation, therefore, possesses a modality that is absolutely specific for 
it and the quality within the modality can be ascertained Intensity of sen 
sation can also be distinguished w ithin a certain modality, such as bright and 
feeble light of the same color or loud or weak sound of the same pitch 



PROPERTIES OF RECEPTORS 


189 


must be added, and so forth, up to the plnsiological limit (about 1000 g ) 
In the case of touch and pressure, then, the ratio is 50 1, for sound, it has 
been found to be 9 i,and for light, 1:0 1 

ADAPTATION 

Usually a decrement m response to a stimulus is referred to as fatigue, 
whereas the phenomenon is ntlicr one of adaptation One seems to ‘be 
come accustomed to a stimulation It is true that fatigue may enter into 
the picture but, for the most part, m reference to action of the sense organs, 
one becomes 'adapted to a stimulus As previously stated (page 136), a 
stimulus applied to a sense organ results m a volley of impulses which pro- 
ceed o\cr the nene to the central nervous system These impulses last for 
a brief space of time but, if the stimulus be continually applied, it is found 
that the rhythmical discharges of impulses diminish and may disappear com 
plctely Stimulation of touch receptors, for example by application of a 
disc of known weight to the skin surface is followed by a burst of impulses 
which continue for from 01 to o 2 sec but disappear entirely bv the end of 
o 5 sec , although the same pressure is maintained continuously on the disc 
If slightly greater (or lesser) pressure is now applied to the skm, another 
volley of impulses follows which ceases at about the same time as the first 
In the same wav, one becomes adapted to odors to the ticking of a clock 
and to the contact of clothes Even the retina becomes accustomed to 
a stationary object and in order to perceive it best, the eyeballs are kept mov 
ing constantly (though so slightly as to remain unnoticed) m order that 
the end organs may be stimulated intermittently 

If this phenomenon were one of fatigue it should be more evident with 
the stronger stimulus, but actually the condition is most evident with 
weaker stimuli, that is a strong odor is detected for a longer time than a 
weak one If this were a fatigue phenomenon it would appear sooner, as 
well as being more e\ ident, with the stronger stimulus Another argument 
against this being a state of fatigue is that the rapid decline in frequency of 
impulse discharge is not affected by a lack of oxygen, fatigue appears most 
rapidly in its absence Adaptation is a property common to receptors and 
is evidently a protective one, m the ease of touch reception and the like, that 
is, certain receptors, after responding to a stimulus and conveying impulses 
over the nerves of the C N S , become adapted to that stimulus and are soon 
again ready to respond to a second similar stimulus On the other hand 
receptors for pain adapt very slowly, and so a harmful stimulus might be 
detected for a long period of time If adaptation to painful stimuli occurred 
as rapidly as that for tactile sensation one might by conscious effort with 



